Characterization, Fractionation and Functional Studies on Some Acacia Gums. by Ali,Naima Elnour Siddig
  
 
 
CHARACTERIZATION, FRACTIONATION AND FUNCTIONAL 
STUDIES ON SOME ACACIA GUMS. 
 
BY 
NAIMA ELNOUR SIDDIG ALI. 
B.Sc. (Agric) Honours, University of Khartoum, 1991. 
M.Sc. (Agric), University of Khartoum, 1996.  
 
A Thesis 
    Submitted in Fulfillment of the Requirements for  
      The Degree of Doctor of Philosophy in Agriculture to 
the University of Khartoum. 
             
 
             Supervisor: Prof. Abdelaseem Ahmed Mohammed 
nour. 
 
Department of Food Science and Technology 
Faculty of Agriculture. 
University of Khartoum 
 
 
March, 2003. 
 
 
  
 
 
 
 
 
DEDICATION 
To my family with love 
 
 
 
 
 
 
 
 
 
 
  
DECLARATION 
 
I declare, hereby, that this work has never been 
submitted or in a process to be submitted for the degree of 
Doctor of Philosophy to any University other than the 
University of Khartoum. 
 
        Supervisor: Prof. AbdElaseem Ahmed             
Signature…………………..            
        Candidate: Naima Elnour Siddig                     
Signature………………….. 
        Date:…………………………. 
 
 
 
 
 
 
 
                                                                                          15
ACKNOLODGEMENTS 
My special thanks to the sole of my previous 
supervisor, Dr. Karamalla.A.k, for supervising part of 
this work. 
I am greatly indebted to my supervisor Prof. Abd 
Alazeem Ahmed Mohamed Nour for his Supervision, guidance, 
advice and encouragement throughout this work. 
I would like to express my deep thanks and 
indebtedness to Dr. Safwan Alassaf, Prof. G.O.Phillips and 
Prof. P.Williams for their supervision, help and support 
during the practical phase of the study at The Center of 
Water Soluble Polymers, North East Wales Institute (NEWI), 
University of Wales, Wales, UK. 
Thanks are also extended to Prof. J.Kennedy, 
University of Burmingham, for the amino acids analysis.  
Also I would like to thank Dr. M.E.Osman for 
following up and arrangement with NEWI staff. 
I am most grateful for the staff  and colleges of The 
Centre Of Water Soluble Polymers, NEWI.  And the staff and 
members of the Department of Food Science and Technology, 
Faculty of Agriculture, U of K.  
Also I wish to express my appreciation for the 
financial support of The Gum Arabic Company and The 
Khartoum Gum Arabic Processing Company. 
                                                                                          15
 
 
 
 
CONTENTS 
Acknowlodgements  ………………………………………………………..… iv 
Contents…………...…………………………………………………………. .v 
List of Tables…………………………………………………………………..xi 
List of Figures……………………………………………………………...…xiv 
Abstract…………………………………………………………………….....xxi 
Arabic abstract………….…………………………………………………....xxii 
Chapter I ……………………………………………………………………....1 
General introductions …………………………………………………………1 
Chapter II ……………………………………………………………………..5           
Characterization of some Acacia gums………………………………………..5 
2.1  Introduction and review…………………………………………………...5 
2.1.1Characteristics of some Acacia gums………………………………….…5 
2.1.1.1  Acacia senegal: (hashab)……………………………………………...5 
2.1.1.2  Acacia seyal: (talha)…………………………………………………..6 
2.1.1.3 Acacia polyacantha: Kakamout………………………………………..7 
2.1.1.4 Acacia laeta: Shubahi……………………………………………….…7 
2.1.1.5   Acacia mellifera: Kitir………………………………………………..8 
2.1.1.6  chemical characteristic………………………………………………...8 
2.1.2    The processing of gum arabic………………………………………….8 
2.1.3    Specification for gum arabic…………………………………………..10 
                                                                                          15
2.1.4   The chemical structure of gum 
arabic………………………………....12 
 2.1.5     Physicochemical properties of gum 
arabic……………………….16 
2.1.5.1   Solubility…………………………………………………………16 
2.1.5.2 Viscosity…………………………………………………………..17 
2.1.5.3 Rheological properties……………………………………………18 
2.1.5.4  Effect of aging…………………………………………………….18 
2.1.5.5  Emulsifying properties…………………………………………....18 
2.1.5.6  Sugar composition………………………………………………..18 
2.1.5.7  Optical rotation…………………………………………………..19 
2.1.5.8  Equivalent weight………………………………………………...20 
2.1.5.9  Uronic acid…………………………………………………….…20 
2.1.5.10 Moisture contents………………………………………………..21 
2.1.5.11 Ash contents……………………………………………………..21 
2.1.5.12.  Mineral composition…………………………………………...22 
2.1.5.13  Amino acids analysis…………………………………………....22 
2.2  Materials and methods……………………………………………....26 
2.2.1 Sample collection…………………………………………………..…..26 
2.2.2 Physical properties oft he samples………………………………..….26 
2.2.3 Samples preparation……………………………………………….28 
2.2.4.Moisture content………………………………………………….. 28 
2.2.5 Apparent Equivalent weight………………………………………..28 
2.2.6. Uronic acid…………………………………………………….…..29 
                                                                                          15
2.2.7. Specific optical rotation…………………………………………...29 
2.2.8.  Nitogen content………………………………………………….…29 
2.2.9. Intrinsic viscosity……………………………………………………30 
2.2.10. Mineral composition……………………………………………….32 
2.2.11. Amino acids 
composition…………………………………….….....32 
2.2 Results and discussions……………………..…………………….34 
2.3.1  The moisture, Ashcontents and pH………………………………....34 
2.3.2. Viscosity measurements…………………………………………...  34 
2.3.3 Nitrogen content………………………………………………..….  .37 
2.3.4 Specific optical rotation…………………………………………….  38 
2.3.5 Equivalent weight and uronic acid contents…………………….…   
38 
2.3.6  Minerals composition………………………………………….…   .39 
2.3.7  Amino acid analysis…………………………………………………41 
CHAPTER III...…………………………………………………………...44 
Fractionation and molecular weight determination of some 
Acacia  
Gums……………………………………………………………………..44 
3.1 Introduction and review……………………………………………..44 
3.1.1 Hydrophobic interaction 
chromatography………………………..44 
3.1.2 Gel permeation chromatography 
(GPC)……………………….…47 
                                                                                          15
3.1.3 Molecular  weight determination…………………………………..49 
3.2  Materials and methods………………………………………………...53 
3.2.1 Hydrophobic interaction 
chromatography (HIC)………………...53 
3.2.2.1 Muli angles lazer light 
scattering system (MALLS)…………....53 
3.2.2.2  
3.3 Results and discussions……………………………………………55 
3.3.1 Hydrophobicinteractionchromatog
raphy………………………….55 
3.3.1.1 Elution profile and recovery % 
of the Acacia gums fractions…….55 
3.3.2 Molecular weight determination 
of some Acacia gums…………..58 
3.3.3 Molecular weight distribution 
of Acacia gums…………………...64 
3.3.4  Characterization of the fractions…………………………………….71 
3.3.4.1 Nitrogen contents………………………………………………...71 
3.3.4.2 Molecular weight and molecular 
weight distribution………...….71 
3.3.4.3 Molecular weight distribution 
of HIC fractionation…………..…71 
3.3.4.4 Amino acid content of HIC 
fractionation………………………..83 
                                                                                          15
3.3.4.5 Emulsifying properties of HIC 
fractions………………………...90 
3.3.4.5.1 A.senegal HIC 
fractions……………………………………...90 
3.3.4.5.2 A.seyal (S3) HIC 
fractions…………………………….……..92 
3.3.4.5.3 A.polycantha (S14) HIC 
fractions………………………..…92 
3.3.4.5.4 Alaeta (S15) HIC 
fractions……………………………….....95 
Chapter 1V………………………………………………………….…..98 
 
Emulsification properties of some Acacia gums………………………..98 
 
4.1 Introduction and review……………………………………………98 
 
4.2 Materials and methods……………………………………………103 
 
4.2.1 Materials………………………………………………………103 
 
4.2.2 Methods…………………………………………………….…103 
 
4.2.2.1 Emulsification 
procedure…………………………………….…...103 
 
4.2.2.2 Drop size ( particle 
size)determination…………………………..104 
 
4.3 Results and discussions……………………………………………..105 
 
4.3.1 Emulsifying capacity……………………………………………...105 
4.3.2 Emulsifying 
stability……………………………………………...111 
4.3.2.1 One day aged solutions…………………………………………..113 
                                                                                          15
4.3.2.2 One week aged 
solutions………………………………………....116 
4.3.3 Two weeks aged 
solution………………………………………....119 
4.3.4 Turbidity 
measurements……………………………………...….122 
4.3.3.1   5% concentration…………………………………………….....122 
4.3.3.2 15% concentration………………………………………….....122 
4.3.3.3 20% concentration………………………………………….....122 
Chapter V………………………………………………………..…..….125 
Rheological studies on some Acacia 
gums………………………..….....125 
5.1 Introduction and review……………………………………………125 
5.1.2 Oscillation measurments……………………………………….129 
5.2 Materials and methods………………………………………....134 
5.2.1 Shear flow viscosity…………………………………………… 134 
5.2.2 Oscillation 
measurements……………………………………...134 
5.3 Results and discussion………………………………………….136 
5.3.1 Shear viscosity 
measurments…………………………………..136 
5.3.2 Oscillation 
measurements………………………………….….….140 
                                                                                          15
5.3.3 Effect of aging on the flow behaviour of 
Acacia gums……………144 
5.3.4 Effect of aging on the oscillation 
measurement…………………..146 
Conclusion……………………………………………………………….149 
Recommendation and further work……………………………………...152 
References………………………………………………………………154 
 
 
 
 
 
 
 
 
 
List of Tables 
 
            Table                                                      
Page No  
 
1- Chemical characterization of some Acacia 
gums……………………9 
2- Qualitative/ quantitative mineral analysis of gum Acacia 
samples……………………………………………………
……………23 
3- The amino acid composition of some 
Acacia gums………………...25 
 
4- Description  of the samples used in this 
study ………………….....27 
5- The moisture, Ash content and pH of some 
Acacia gums ………...35 
                                                                                          15
6- Intrinsic viscosity of some Acacia gum 
solutions………………….35 
7- Viscosity, specific rotation, Equivalent 
weight and uronic  
                 acid of some Acacia gum 
solutions……………………………….....36 
8- The mineral composition of some Acacia 
gums………………..…40 
 
9- The amino acids composition of 
A.senegal, A.seyal, A.polyacantha 
                   And A.laeta gums………………………………………………...42 
10- Fractions obtained by hydrophobic 
interaction chromatography  
                  of A.senegal and A.seyal 
………………………………………....50 
11- The molecular weight and mass recovery 
of some Acacia gums...52  
12- The percentage recovery of the gum fractions after HIC 
 fractionation………………………………………………………59 
13- The  molecular weight of some Acacia 
gums determined  
                   by GPC-MALLS………………………………………………...61 
 
14- The percentage nitrogen contents of HIC 
fractions……………..72 
15- Molecular weights of  F1, F2, and F3 
A.senegal gum (S16)  
                                                                                          15
                processed as one peak, two peaks, and 
three peaks…………………73 
            16- Molecular weights of  F1,F2,and F3 A.seyal 
gum (S3)  
                 processed as one peak, two peaks, and 
three peaks…………………73 
            17-Molecular weights of  F1, F2, and F3 
A.polyacantha gum (S14)                             
                 processed as one peak, two peaks, and 
three peaks……………….…74 
           18- Molecular weights of  F1, F2, and F3 
A.laeta gum (S15)  
                 processed as one peak, two peaks, and 
three peaks……………….…74 
            19- The amino acids profile of A.senegal gum (S16) and 
                  its HIC fractions………………………………………………………….86 
             20- The amino acids profile of A.seyal (S3) gum and 
its HIC fractions…………………………………………………………87 
             21-  The amino acids profile of A.polyacantha (S14) gum and  
             its HIC fractions………………………………………………………….…88 
            22-The amino acids profile of A.laeta (S15) gum and 
               its HIC fractions……………………………………………………………89 
          23-   The specific surface area and the span 
measurements of fresh  
                                                                                          15
                  A.senegal (S1, S2, S13 and S16 ) gum 
solutions at different                    
                  concentrations……………………………………………………...106 
         24- The specific surface area and the span 
measurements of fresh  
                  A.seyal (S3) gum solutions at different 
concentrations………….....107 
 
         25- The specific surface area and the span 
measurements of fresh  
                  A.polyacantha (S4, S5, and S14 ) gum 
solutions at different  
                  concentrations……………………………………………………..107 
 
         26- The specific surface area and the span 
measurements of fresh  
                   A.laeta (S8,S9, and S15 ) gum solutions 
at different  
                   concentrations…………………………………………………….109 
 
      27- The specific surface area and the span 
measurements at different 
                   concentrations of fresh A mellifra 
(S10) gum solutions………….109 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                                                                          15
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
List of Figures 
 
Figure                                                                 
page 
 
  Fig.1            Wattle blossom-type structure of the 
high molecular mass 
                      fraction of Acacia senegal 
gum…………………………………..15 
  Fig.2            Twisted hairy rope- type structure of 
Gum arabic……………….46  
  Fig.3            HIC profile of Acacia senegal var 
senegal (S16) at 214 nm……..56 
  Fig.4            HIC profile of Acacia seyal var seyal 
(S3) at 214 nm……………56 
  Fig.5            HIC profile of Acacia polyacantha (S14) 
at 214nm……………..57 
  Fig.6            HIC profile of Acacia laeta (S15) at 
214 nm………………….…57 
                                                                                          15
  Fig.7            Molecular weight distribution of 
A.senegal (S1)…………..….….65 
  Fig.8            Molecular weight distribution of 
A.senegal (S12)………….…….65 
  Fig.9            Molecular weight distribution of 
A.senegal (S13)………….…….65 
  Fig.10          Molecular weight distribution of A.seyal 
(S3)………………..…...66 
  Fig.11          Molecular weight distribution of 
A.mellifera (S10)………………66 
  Fig.12          Molecular weight distribution of 
A.mellifera (S11)……………....66 
  Fig.13          Molecular weight distribution of 
A.polyacantha (S4)……………68 
  Fig.14          Molecular weight distribution of 
A.polyacantha (S5)……………68 
  Fig.15          Molecular weight distribution of 
A.polyacantha (S14)…………..68 
  Fig.16          Molecular weight distribution of A.laeta 
(S8)……………………69 
  Fig.17         Molecular weight distribution of A.laeta 
(S9)……………………69 
  Fig.18         Differencial molecular weight 
distribution for A.seyal  
                                                                                          15
                     (S3),A.polyacantha (S14), A.laeta 
(S15) and  
                     A.senegal(S16)…………………………………………………..70 
Fig.19         Molecular weight distribution of F1 
A.senegal (S16)……………..76 
Fig.20         Molecular weight distribution of F2 
A.senegal (S16)……………..76 
Fig.21          Molecular weight distribution of F3 
A.senegal (S16)…………….76 
Fig.22           Molecular weight distribution of F1 
A.seyal (S3)………………..78             Fig.23          
Molecular weight distribution of F2 A.seyal (S3)…………………78  
Fig.24          Molecular weight distribution of F3 
A.seyal (S3)…………………78 
Fig.25          Molecular weight distribution of F1 
A.polyacantha (S14)………...80 
Fig.26          Molecular weight distribution of F2 
A.polyacantha (S14)………...80 
Fig.27          Molecular weight distribution of F3 
A.polyacantha (S14)………...80 
Fig.28          Molecular weight distribution of F1 
A.laeta (S15)………………...81 
Fig.29          Molecular weight distribution of F2 
A.laeta (S15)………………...81 
                                                                                          15
Fig.30          Molecular weight distribution of F3 
A.laeta (S15)………………...81 
Fig.31          Differencial molecular weight distribution 
for A.senegal (S16) 
                        and its three HIC 
fractions…………………………………….82 
Fig.32          Differencial molecular weight distribution 
for A.seyal (S3) 
                        and its three HIC 
fractions…………………………………….82 
Fig.33          Differencial molecular weight distribution 
for A.polyacantha (S14) 
                        and its three HIC 
fractions…………………………………….84 
Fig.34          Differential molecular weight distribution 
for A.laeta (S15) 
                        and its three HIC 
fractions……………………………………84 
Fig.35         Changes in the particle size distribution 
of fraction1 A.senegal  
                     (S16)  gum solution with 
time……………………………………..91 
 Fig.36         Changes in the particle size distribution 
of fraction 2 A.senegal  
                                                                                          15
                     (S16)  gum solution with 
time…………………………………….91 
 Fig.37       Changes in the particle size distribution of 
fraction 3 A.senegal  
                     (S16)  gum solution with 
time…………………………………….91 
 Fig.38        Changes in the particle size distribution 
of fraction1 A.seyal  
                     (S3)  gum solution with 
time……………………………………. 93 
 Fig.39       Changes in the particle size distribution of 
fraction 2 A.seyal  
                     (S3)  gum solution with 
time…………………………………….93 
 Fig.40        Changes in the particle size distribution 
of fraction 3 A.seyal  
                     (S3)  gum solution with 
time…………………………………….93 
 Fig.41        Changes in the particle size distribution 
of fraction1 A.polyacantha  
                     (S14)  gum solution with 
time…………………………………..94 
 Fig.42        Changes in the particle size distribution 
of fraction 2 A.polyacantha  
                                                                                          15
                     (S14)  gum solution with 
time…………………………………..94 
 Fig.43        Changes in the particle size distribution 
of fraction 3 A.polyacantha  
                     (S14)  gum solution with 
time…………………………………...94 
 Fig.44        Changes in the particle size distribution 
of fraction1 A.laeta  
                     (S15)  gum solution with 
time…………………………………...96 
 Fig.45        Changes in the particle size distribution 
of fraction 2 A.laeta  
                     (S15)  gum solution with 
time…………………………………..96 
 Fig.46        Changes in the particle size distribution 
of fraction 3 A.laeta  
                     (S15)  gum solution with 
time…………………………………...96 
 Fig.47        Particle size distribution of 5% Acacia 
gums fresh solutions……...110 
 Fig.48        Particle size distribution of 10% Acacia 
gums fresh solutions….…110 
 Fig.49        Particle size distribution of 15% Acacia 
gums fresh solutions……112 
                                                                                          15
 Fig.50        Particle size distribution of 20% Acacia 
gums fresh solutions……112 
 Fig.51        Particle size distribution of 5% Acacia 
gums one day aged 
                   solutions………………………………………………………….114 
 Fig.52        Particle size distribution of 10% Acacia 
gums one day aged  
                   solutions………………………………………………………….114 
 Fig.53        Particle size distribution of 15% Acacia 
gums one day aged 
                   solutions………………………………………………………….115 
 Fig.54        Particle size distribution of 20% Acacia 
gums one day aged 
                  solutions…………………………………………………………..115 
 Fig.55        Particle size distribution of 5% Acacia 
gums one week aged  
                  solutions…………………………………………………………..117 
 Fig.56        Particle size distribution of 10% Acacia 
gums one week aged  
                     Solution…………………………………………………………117               
Fig.57        Particle size distribution of 15% Acacia 
gums one week aged  
                   solution …………………………………………………………..118                 
                                                                                          15
Fig.58        Particle size distribution of 20% Acacia 
gums one week aged  
                       solution. ……………………………………………………….118 
Fig.59        Particle size distribution of 5% Acacia gums 
two weeks aged  
                     solutions………………………………………………………..120 
Fig.60        Particle size distribution of 10% Acacia 
gums two weeks aged 
                   solution………………………………………………………….120  
Fig.61        Particle size distribution of 15% Acacia 
gums two weeks aged 
                   Solution…………………………………………………………121 
 Fig.62        Particle size distribution of 20% Acacia 
gums two weeks aged 
                    solutions………………………………………………………..121 
Fig.63        Turbidity measurements of 5% Acacia gums 
solutions with 
                    time……………………………………………………………123 
 Fig.64        Turbidity measurements of 15% Acacia gums 
solutions with  
                    time……………………………………………………………123 
 Fig.65        Turbidity measurements of 20% Acacia gums 
solutions with  
                   time……………………………………………………………..123 
                                                                                          15
  Fig.66        Flow curve of Newtonian    
                     fluids………………………………………………………….128 
  Fig.67       Complete flow  
                  curve………………………………………………………..…..128 
  Fig.68       Typical mechanical spectra of (A) dilute 
polymer solution (B)     
                   concentrated polymer solution (C) weak 
gel (D) strong  
                   gel……………………………………………………………..131 
  Fig.69       Flow curves of A.senegal (S2) gum at 
different solution  
                  concentrations…………………………………………………137 
  Fig.70       Flow curves of A.polyacantha (S4) gum at 
different solution  
                  concentrations…………………………………………………..137 
  Fig.71       Flow curves of A.polyacantha (S5) gum at 
different solution  
                  concentrations…………………………………………………..137 
 Fig.72       Flow curves of A.laeta (S8) gum at different 
solution  
                  concentrations…………………………………………………...139 
Fig.73       Flow curves of A.laeta (S9) gum at different 
solution   
                 concentrations…………………………………………………...139 
                                                                                          15
 Fig.74       Flow curves of A.mellifera (S10) gum at 
different solution 
                  concentrations…………………………………………………...139 
  Fig.75      Mechanical spectra of 10%,20%, 30%, 40%, and 
50% A.senegal (S2)  
                 Gum solutions……………………………………………………141 
  Fig.76       Mechanical spectra of 10%,20%, 30%, 40%, 
and 50% A.polyacantha  
                  (S4) gum solutions………………………………………………141 
  Fig.77       Mechanical spectra of 10%,20%, 30%, 40%, 
and 50% A.polyacantha 
                 (S5) gum solutions……………………………………………….141 
   Fig.78       Mechanical spectra of 10%,20%, 30%, 40%, 
and 50% A.laeta (S8)  
                   gum solutions…………………………………………………..143 
   Fig.79       Mechanical spectra of 10%,20%, 30%, 40%, 
and 50% A.laeta (S9)  
                   gum solutions………………………………………………….143 
   Fig.80       Mechanical spectra of 10%,20%, 30%, 40%, 
and 50% A.mellifera  
(S10) gum solutions………………………………………………………...143 
   Fig.81      Effect of aging on flow behaviour of 
Acacia.senegal (S16) gum…145  
                                                                                          15
   Fig.82      Effect of aging on flow behaviour of 
Acacia.polyacantha   
                  (S14)gum………………………………………………………....145 
   Fig.83      Effect of aging on flow behaviour of 
Acacia.laeta (S15) gum…....145  
   Fig.84      Effect of aging on oscillation measurement 
of Acacia.senegal  
                   (S16) gum……………………………………………………....147   
Fig.85      Effect of aging on oscillation measurement of 
Acacia.polyacantha  
                   (S14) gum……………………………………………………...147   
    Fig.86      Effect of aging on oscillation measurement 
of Acacia.laeta    
                  (S15) gum………………………………………………………147 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                                                                          15
 
 
 
 
 
 
 
 
 
ABSTRACT 
Some Acacia gums (A.senegal, A.seyal, A.polyacantha, A.laeta and 
A.mellifera) were subjected to investigation (characterization, fractionation and 
functional studies). In order to illustrate some of the information required for 
identification and differentiation between A.senegal gum and the four most 
important Acacia gums produced in the Sudan.  
Characterization of above mentioned gums (moisture contents, ash 
content, pH, viscosity, intrinsic viscosity, specific rotation, equivalent weight, 
uronic acid content, mineral composition and amino acid composition) was 
carried out and the data obtained reflect the compositional differences 
between these gums. 
Hydrophobic interaction chromatography (HIC) fractionation was also 
carried out for A.senegal, A.seyal, A.polyacantha, and A.laeta and the fractions 
obtained were characterized to asses some of the structural features of these 
gums.  The results revealed some differences in the fraction recovery as well 
as, the nitrogen content, molecular weight , molecular weight distribution, 
amino acids and emulsifying properties of the fractions. 
The molecular weight and the molecular weight distribution of the five 
Acacia gums were also determined.  The data obtained shows that A.seyal was 
found to have the highest molecular weight followed by A.mellifera, A.laeta, 
A.polyacantha  and then A. senegal.  
                                                                                          15
The emulsifying properties of these Acacia gums were also studied at 
different concentrations (5, 10, 15 and 20%). The most amazing results 
obtained shows that: using 5% and 20% gum solutions gave almost the same 
emulsifying properties in all gums studied. And that the five Acacia gums differ 
in their emulsifying stability. 
The rheological properties of those gums (flow behaviour and the 
oscillation measurement) were determined at different concentration (10, 20, 
30, 40, and 50%). And the results revealed that A.senegal exhibits a 
Newtonian behaviour at most of the concentrations studied, A.laeta and  
A.mellifera exhibited a slight shear thinning, whereas, A.polyacantha showed a 
clear shear thinning behaviour. And the oscillation measurements also showed 
the same differences between these gums. 
The effect of aging on the flow behaviour and the oscillation 
measurement of the three acacia gums were also studied.  And the data 
obtained shows that A.senegal was the most stable gum followed by 
A.polyacantha, whereas, A.laeta showed inconsistency in the flow behaviour 
where the viscosity increased with age then decreased. A.senegal oscillation 
measurements showed a semi-concentrated solution behaviour for fresh and 
three days age then the solution become a dilute solution after six days and 
again a concentrated solution after nine days.  A.polyacantha gum was a gel 
like solution when fresh at the concentration under investigation and kept as 
gel solution through out the period of the study.   A.laeta was a semi-
concentrated solution when fresh then become a gel solution after three days 
and slightly transformed to concentrated solution again after six and nine days. 
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وﺻﻤﻎ   ﺻﻤﻎ اﻟﻬﺸﺎب ، ﺻﻤﻎ اﻟﻄﻠﺢ، ﺻﻤﻎ اﻟﻜﺎآﻤﻮت ، ﺻﻤﻎ اﻟﺸﺒﺎهﻰ)ﺧﻀﻌﺖ ﺑﻌﺾ أﺻﻤﺎغ اﻷآﺎﺷﻴﺎ  
ﺑﻐﺮض ﺕﻮﻓﻴﺮ ﺑﻌﺾ اﻟﻤﻌﻠﻮﻡﺎت اﻟﻤﻄﻠﻮﺑﺔ ( ﺕﻮﺻﻴﻒ ، ﺕﺠﺰﺋﺔ و دراﺳﺔ اﻟﺨﻮاص اﻟﻮﻇﻴﻔﻴﺔ)ﻟﻠﺪراﺳﺔ ( اﻟﻜﺘﺮ
ﺑﻴﻦ أهﻢ أﺻﻤﺎغ اﻷآﺎﺷﻴﺎ . ﻟﻠﺘﻌﺮﻱﻒ ﺑﻬﺬﻩ اﻷﺻﻤﺎغ ودراﺳﺔ اﻟﻔﺮوﻗﺎت اﻟﻔﻴﺰﻱﻮآﻴﻤﻴﺎﺋﻴﺔ ، اﻟﺘﺮآﻴﺒﻴﺔ واﻟﻮﻇﻴﻔﻴﺔ 
 . اﻟﻤﻨﺘﺠﺔ ﺑﺎﻟﺴﻮدان
ﻥﺴﺒﺔ اﻟﺮﻡﺎد، درﺝﺔ اﻟﺤﻤﻮﺽﺔ، اﻟﺪوران اﻟﻨﻮﻋﻲ،  ، ﻥﺴﺒﺔ اﻟﺮﻃﻮﺑﺔ) ﺕﻮﺻﻴﻒ هﺬﻩ اﻷﺻﻤﺎغ ﺷﻤﻞ دراﺳﺔ 
اﻟﻠﺰوﺝﺔ، اﻟﻠﺰوﺝﺔ اﻟﻀﻤﻨﻴﺔ، اﻟﻮزن اﻟﻤﻜﺎﻓﺊ، ﻥﺴﺒﺔ ﺡﺎﻡﺾ اﻟﺠﻠﻴﻜﻴﻮرﻥﻴﻚ، اﻟﺘﺮآﻴﺐ اﻷﻱﻮﻥﻲ وﺕﺮآﻴﺐ اﻷﺡﻤﺎض 
 . وﺽﺢ وﺝﻮد ﻓﺮوﻗﺎت ﻓﻰ ﺕﺮآﻴﺐ هﺬﻩ اﻷﺻﻤﺎغ( اﻷﻡﻴﻨﻴﺔ 
م ﺕﻘﻨﻴﺔ أﻱﻀًﺎ أﺝﺮﻱﺖ ﺕﺠﺰﺋﺔ ﻷﺻﻤﺎغ اﻟﻬﺸﺎب ، اﻟﻄﻠﺢ ، اﻟﻜﺎآﻤﻮت واﻟﺸﺒﺎهﻰ ﺑﺎﺳﺘﺨﺪا
وﺕﻢ ﺕﻮﺻﻴﻒ ﻟﻸﺝﺰاء اﻟﻨﺎﺕﺠﺔ ووﺝﺪ هﻨﺎك (    yhpargotamorhc noitcaretnI cibohpordyH)
اﺧﺘﻼﻓًﺎ ﻓﻰ اﻟﻨﺴﺒﺔ اﻟﻤﺴﺘﺮدة ﻡﻦ اﻟﺼﻤﻎ ، ﻥﺴﺒﺔ اﻟﻨﺘﺮوﺝﻴﻦ ، اﻷﺡﻤﺎض اﻷﻡﻴﻨﻴﺔ،اﻟﻮزن اﻟﺠﺰﺋﻲ ، ﺕﻮزﻱﻊ 
  . اﻟﻮزن اﻟﺠﺰﺋﻲ و ﺧﻮاص اﻻﺳﺘﺤﻼب ﻟﻬﺬﻩ اﻷﺝﺰاء اﻟﻨﺎﺕﺠﺔ ﻡﻦ هﺬﻩ اﻟﺘﺠﺰﺋﺔ
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، %5) راﺳﺔ ﻟﺨﻮاص اﻻﺳﺘﺤﻼب ﺑﺎﻟﻨﺴﺒﺔ ﻟﻬﺬﻩ اﻷﺻﻤﺎغ ﻋﻨﺪ ﺕﺮاآﻴﺰ ﻡﺨﺘﻠﻔﺔ        أﺝﺮﻱﺖ د
% 02و% 5ﺕﻤﺨﻀﺖ ﻋﻦ ﻥﺘﻴﺠﺔ هﺎﻡﺔ ﺝﺪًا ﻓﻘﺪ وﺝﺪ ان اﺳﺘﺨﺪام ﺕﺮآﻴﺰ % ( 02و % 51، %01
آﻤﺎ وﺝﺪ أن هﺬﻩ اﻷﺻﻤﺎغ . ﻱﻌﻄﻰ ﻥﻔﺲ اﻟﺨﻮاص اﻹﺳﺘﺤﻼﺑﻴﺔ وهﺬﻩ ﻥﺘﻴﺠﺔ هﺎﻡﺔ ﻡﻦ اﻟﻨﺎﺡﻴﺔ اﻻﻗﺘﺼﺎدﻱﺔ 
  .ﺴﺘﺤﻠﺒﺎت اﻟﻤﻨﺘﺠﺔ ﻡﻨﻬﺎ ﺕﺨﺘﻠﻒ ﻓﻰ ﺛﺒﺎت اﻟﻤ
ﺕﺤﺖ ( ﺧﻮاص اﻟﺴﺮﻱﺎن وﺧﻮاص اﻟﻘﺺ)آﻤﺎ ﺕﻤﺖ دراﺳﺔ ﻟﻠﺨﻮاص اﻟﺮﻱﻮﻟﻮﺝﻴﺔ ﻟﻬﺬﻩ اﻷﺻﻤﺎغ 
ووﺝﺪ أن هﺬﻩ اﻷﺻﻤﺎغ ﺕﺨﺘﻠﻒ ﻓﻰ ﺧﻮاﺻﻬﺎ % ( 05 ، 04 ، 03 ، 02 ، 01) ﺕﺮاآﻴﺰ ﻡﺨﺘﻠﻔﺔ 
ﺷﺒﺔ ، اﻟﺮﻱﻮﻟﻮﺝﻴﺔ ﺡﻴﺚ أن ﺑﻌﺾ هﺬﻩ اﻷﺻﻤﺎغ ﻱﺴﻠﻚ ﺳﻠﻮك ﻱﻨﺘﻘﻞ ﻡﺎ ﺑﻴﻦ ﺧﻮاص اﻟﻤﺤﺎﻟﻴﻞ اﻟﻤﺨﻔﻔﺔ
آﻤﺎ أن ﺳﺮﻱﺎن اﻟﻤﺤﺎﻟﻴﻞ اﻟﻤﻜﻮﻥﺔ ﻡﻦ هﺬﻩ اﻷﺻﻤﺎغ ﻱﺘﻔﺎوت ﻡﺎ ﺑﻴﻦ اﻟﻤﺤﺎﻟﻴﻞ . اﻟﻤﺮآﺰة ، اﻟﻤﺮآﺰة واﻟﻤﺎﺋﻌﺔ 
 . اﻟﻨﻴﻮﺕﻮﻥﻴﺔ وﻏﻴﺮ اﻟﻨﻴﻮﺕﻮﻥﻴﺔ
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Chapter 1 
1.1. General introduction 
Gum arabic, or gum acacia, is the oldest and best 
known of all trees gum  exudates and has been used as an 
article of commerce for over 5000 years (Whistler,1993). 
It is the exudation from certain acacia trees, which 
occurs in a wide belt of semi-arid land stretching across 
sub-Saharan Africa. There are more than 1200 species of 
acacia, which has been classified into three major groups: 
subgenous Acacia (Gummiferae) containing 120-130 species; 
subgenous Aculeiferum (Vulgares) with 180-190 species; and 
subgenous Phyllodinae with more than 900 species. 
In the Sudan more than thirty distinct Acacia species 
are found. Among them twenty species are gums producing 
sources. 
  Sudan is the world’s largest producer of gum arabic, 
with production reaching 40 000 tons in 1996. Nigeria is 
the second largest producer, followed by Chad, Nigeria, 
Mali and Senegal.  
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  The gum of commerce is not collected from a single 
botanical species. Acacia senegal, Acacia.seyal and 
Acacia.polyacantha have the widest distribution in the gum 
belt. Even these species are found in more than one 
variety. The other gum-yielding acacia species have 
limited distribution and supply. eg. Acacia.laeta and 
Acacia.meliffera. Of all these species, only A.senegal is 
systematically planted and the reminder come from natural 
stands. (Islam, et al, 1997). Taxonomically, only A.laeta, 
A.mellifra and A.polyacantha are admissible as related 
species of Acacia.senegal (Ross 1979, Anderson 1997).   
All regulatory definitions of gum arabic recognize 
that the gum arabic of commerce originates from more than 
one species of Acacia. According to the Journal Official 
of France, the Food Chemical Codex, the US Pharmacopoeia, 
and the Birtish Pharmacopeia (Biritish Pharmacopeia, 1993) 
gum arabic is defined as the dried gummy exudation 
obtained from the stems and branches of A. senegal ( L) 
Willdenow or of related species of Acacia (U.S 
Pharmacopiea,1985), family leguminosae. The European 
Pharmacopoeia (E.U.Pharmacopiea,) refers to A.sengal and 
other species of Acacia of African origin, while the USA 
Food and Drug Administration defined it as the gum 
originating from ‘various species of the genous Acacia 
                                                                                          15
family Leguminosae (USFDA GRAS, 1977). Gum arabic has been 
evaluated by Joint Expert Committee for Food Additives 
(JECFA) on several occasions, namely in 1978,1982, 1986, 
1990 and 1995. Attempts have been made recently, by the 
Food and Agriculture Organization (FAO), Joint Committee 
for Food Additives (1996) and the European Union (EU, 
1996), to achieve a uniform definition.  ‘Acacia gum 
(EU)/Gum Arabic (JECFA), is a dried exudation obtained 
from the stems and branches of natural strains of Acacia 
senegal (L) or closely related species of Acacia (family 
Leguminosae)’. It consist mainly of high molecular mass 
polysaccharides and their calcium, magnesium and potassium 
salts, which on hydrolysis yield arabinose, galactose, 
rhamnose and glucuronic acid’.  Toxicological monographs 
were prepared in 1978, 1982, 1986 and 1990 and “ADI not 
specified” was granted in 1982 and confirmed 1990. In the 
most recent review the limits of specific rotations and 
the nitrogen content were deleted from the specifications. 
And the definition refers to A.senegal and A.seyal. Other 
Acacia species not included (FAO, 1998). 
In Sudan the some government organizations, 
represented by the Sudanese Standardization and 
Meteorology Organization (SSMO) and The National Forest 
corporation (NFC), struggled for several years to reflect 
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the Sudan point of view of  regarding gum arabic 
specifications.  Which define gum arabic as the gum 
produced from A.senegal tree only, and that every Acacia 
gum should have its own specifications with separate 
monograph and in separate INS number. Accordingly, a lot 
of information was collected from literature and many 
research projects were proposed to cover all the 
scientific evidences required to support the Sudan 
position. This study is to provide part of the information 
required for that aspect. 
1.2. Objectives of the study: 
The aim of this study is to: 
1- Illustrate some of the information required to 
give a better means of identifications and 
differentiation of A.senegal gum and the other 
four most important Acacia gums produced in the 
Sudan ( A.seyal, A.polyacantha ,A.laeta, 
A.mellifra). 
2- To provide a sound basis to establish a 
scientific specifications for these gums, i.e 
comparative studies.  
3- To provide some basic information required to 
make an Atlas for Sudan Acacia gums.  
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Accordingly, this study is to cover the following areas of 
studies: 
1- Characterization of the whole gums and their 
fractions. 
2- Structural investigation, i.e. fractionation and 
molecular weight determinations. 
3- Functional studies: Emulsification and rheological 
studies.  
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Chapter 11 
Characterization of some Acacia gums 
2.1. Introduction and review:  
All Acacia gums are arabinogalactan-protein 
complexes. The carbohydrate moieties represent more than 
95% of the gum. The component sugars are D-galactose, L-
arabinose, L-rhamnose, D-glucuronic acid, and 4-O-methyl 
glucuronic acid (Glicksman, 1969).  Their relative 
proportions differ among the different species of Acacia, 
some Acacia gums contain galaturonic acid and mannose, 
neither of which is present in the gums from the Vulgares 
and Gummiferae series. At various locations within the 
polysaccharide chains, there exist uniform blocks of (1-
3)- linked D-galactopyranosyl residues. The polysaccharide 
chains are linked to the protein backbone by alkali-stable 
glycosidic bonds between hydroxyproline and β-D 
galactopyranosyl residues (Connolly et al 1987 and 1988, 
Churm et al 1983). 
2.1.1. Characteristics of some Acacia gums: 
More than two dozen distinct species of Acacia occur 
in the Sudan (Glicksman, 1969) most of them producing 
gums. The most common species of promising economic value 
are: 
2.1.1.1. Acacia senegal: (hashab) 
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Subgenus: Aculeiferum 
 Series: Vulgares 
This species of tree is about15-20 ft (4.5-6m) tall 
and has a life span of 25-30 years. It grows in poor, 
sandy, reddish soil and to less extent in clay soil. 
Orchards of Acacia.senegal are found through out the 
province of Kordofan in a large uninterrupted belt 
stretching westward through the province of Darfur and 
eastward to the Nile River. In some areas the trees are 
cultivated and tended in small gardens. One of the reasons 
for its excellent quality is that the limitation of 
botanical sources results in a uniform product.  
 2.1.1.2. Acacia seyal: (talha): 
Subgenus: Acacia 
Series: Gummiferae 
Tree 3-17m high. Crown spread and irregular. Bark 
powdery. Habitat: dark cracking clay. Found often on 
higher slopes of the rivers and valleys in addition to the 
hard clay plains of Central Sudan. Also in clay depression 
areas where water is accumulating. It is distributed all 
over the Sudan. 
 Less than 10% of the Sudanese gum production comes 
from Acacia seyal, which is prevalent in the southwestern 
part of the country and in the Nile region. These trees 
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are not tapped and only natural exudates are collected and 
sold as talha gum. The gum is inferior to hashab and is 
reported to be structurally different to A.senegal gum 
(Street and Anderson 1983, Anderson and McDougall 1987), 
With specific optical rotation of +41o to +61o, a nitrogen 
content of 0.14% (W/V) and a tannin content of 1.9%. As 
such, gum talha did not satisfy the 1990 specification for 
food grade gum arabic (Menzies et al, 1996). 
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2.1.1.3. Acacia polyacantha: Kakamout: 
Subgenus: Aculeiferum 
 Series: Vulgares 
Tree up to 25 m high. Bark yellow-brown. Habitat: 
deciduous woodlands, riverine and groundwater forests. 
Usually, gregarious along rivers and in rich alluvial 
valleys. It distributed South Central Sudan and the 
southern provinces along rivers and valleys. Wide spread 
in Tropical Africa from Gambia to Ethiopia in the north 
and to the Transvaal in the south.  Also in Uganda, Kenya 
and Tanganyika.  Westwards to Ghana, Nigeria, Dahomy, 
Ivory Coast and Togo. ( El Amin ,1973) 
2.1.1.4. Acacia laeta: Shubahi 
Subgenus: Aculeiferum 
 Series: Vulgares 
Shrub 2-6m hight. Crown round. Park smooth, gray. 
Young branches gray to green- brownish habitat: associated 
with Amellifera scrub on clay plain or loamy soils. It 
distributed in the central clay plains of the Sudan. Found 
in North and North-East Africa, in the west to Nigeria, 
Ivory coast, Kenya and Tanganyika ( El Amin,1973) 
Acacia.laeta is claimed a natural hybrid of 
A.senegal(L) Willd and A.mellifera (Vahl) Benth., and it 
occurs in two varieties: A.laeta var.hashab ( which 
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resumbles A.senegal) and A.laeta var.mellifera (which 
resemble A.mellifera).(Anderson and Smith,1967). 
2.1.1.5. Acacia mellifera: Kitir: 
Subgenus: Aculeiferum 
 Series: Vulgares 
Shrub 1-9m high. Crown round, branching from base. 
Bark smooth, gray to brown. Habitat: in dry, hard, clay 
soil plains found pure or mixed with A.laeta, A.senegal, 
A.nubica and A.seyal. It distributed in clay plains of 
Central Sudan spreading northwards and southwards to the 
dry thorn scrub areas. Found in all parts of Africa. (El 
Amin, 1973).  
2.1.1.6. Chemical characteristics:  
  The chemical characteristics for A. senegal, A.seyal, 
A.polyacantha, A.laeta and A.mellifera were summarized in 
Table.1. 
2.1.2. The processing of gum arabic: 
The processing of gum arabic has advanced a great 
deal over the past 20-30 years. Historically, gum was sold 
in its natural form with little or no processing. 
In the mid70’s, there developed a need for a more 
pure, cleaned gum. The end users did not want material 
with excessive dissolving periods of 24 hours or more as 
with lump gum. Thus processed gums were introduced. They 
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were processed to high standards of purity and 
microbiological cleanliness together with a greatly 
reduced dissolution time.  The advent of these processes 
meant that the competitive products (i.e. starches, 
dextrins etc.) was being directly challenged by a new form 
of gum that had the properties of the traditional material 
with the advantages of competition (Williams.G.R, 1988). 
  Table. 1. Characterization of some Acacia 
gums 
 
Parameter A.seneg
al 
A.seya
l 
A.polyacan
tha 
A.lae
ta 
A.mellif
era 
Moisture% 9-13 7.22-
9.8 
13.4 - - 
Ash% 3.93 1.6-
2.87 
2.92 - - 
Nitrogen% 0.29 0.09-
0.14 
0.28-0.37 0.65
-
0.73 
1.3-
1.45 
Optical 
rotation 
-30o +39ot
o+60o 
-3oto-12o -
35oto
-42o 
-45oto-
56o 
Intrinsic 
viscosity ml/g 
13.4 12.1 15.8 20.7 - 
Molecular 
weight ,MwX103 
384 1470 312 1250 640 
Equivalent 
weight 
1100 12 1900 1900 822-843
Uronic acid % 16 6.6 9 14 10.7-
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16.5 
 Glucuronic 
acid 
14.5 38 7 10.5 - 
Galactose 44 46 54 44 - 
Arabinose 27 4 29 29 - 
Rhamnose 13 4 8 13 - 
Anderson et al ( 1978, 1979), Karamalla (1965). 
 
 
 
It can be foreseen that gum arabic will evolve into a 
series of products to meet a particular usage sector.  
There will be a continuation of the present trend towards 
highly refined products.  Current research into gum 
structure has suggested which parts of the molecule are 
important to various end uses in which the gum is 
employed.  This research for instance indicates the 
protein area is the area of main interest for 
emulsification.  It would therefore be possible for the 
production of protein isolates from gum for the 
emulsification usage. Other work indicates molecular areas 
of importance for manufacturing of confectionery with 
subsequent specialist isolation. It is now possible to 
produce materials with enhanced characteristics.  If this 
trends continues the convenience and enhanced properties 
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of processed gums indicate that the use of raw gums could 
be a dying art (Williams, 1988).  
Potentially larger scale fractionation methods were 
tested including batch- wise phenyl sepharose 
fractionation, ammonium sulphate precipitation and ion- 
exchange chromatography.  Although some fractions of 
significantly higher emulsifying activities, as compared 
to the original gum, were produced, none of the methods 
tested was able to isolate the most active emulsifying 
component as efficiently as the phenyl sepharose 
chromatography method. 
2.1.3. Specification for gum arabic: 
The regulatory specifications for gum arabic are 
superficial and inadequate to ensure that it is not 
adulterated with non- permitted gums from other botanical 
sources.(Anderson, et al ,1990a).  Gum arabic has been 
evaluted by the Joint Expert Committee on Food Additives 
(JECFA) on several occasions between 1978 and 1998 
resulting in eight changes in the specifications. However, 
none of these specifications were recommended for adoption 
by the Codex Alimintarius Commission (Williams and 
Phillips, 2000).   
Gum arabic (Acacia,senegal  (L.) willd was re-
affirmed (FDA 1974) as GRAS within U.S.A. in 1974. 
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Following requests (WHO, 1974) for positive toxicological 
evidence of its safety.(Anderson,1990a)., gum arabic was 
awarded the status ‘ADI not specified’ by the FAO/WHO 
(JECFA) in 1982 (FAO 1982),  provided that the gum 
conforms to the established specifications for its 
identity and purity (WHO1982). Subsequent revisions in 
1986 (FAO, 1986) which dropped the previous requirement 
for an unspecified negative optical rotation), 1990 which 
restored a negative optical rotation requirement in terms 
of –26o to –34o degree range plus a range of 0.27-0.39% 
nitrogen values (Anderson, 1991a., FAO, 1990), in 1995 
both nitrogen content and specific rotation requirements 
were removed but the word ‘closely’ related species was 
retained . Additionally tests were introduced to ensure 
that manose, xylose and glalacturonic acid were absent 
thus eliminating non-Acacia gums.(WHO,1995.,FAO,1995.). 
In 1997 acceptance of A.seyal as a ‘closely related’ 
species was acknowledged (FAO, 1997).  In the 1998 Codex 
Alimentarius Meeting the JECFA proposed specification for 
gum arabic, prepared at the 49th JECFA meeting (1997), was 
due to objections from Sudan, send back to JECFA for 
further consideration. Sudan has strong objections against 
including A.seyal gum in the specification of gum arabic. 
This led to another recommendation for the specification 
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of gum arabic, where A.seyal was accepted as gum arabic, 
but gum from other Acacia species are not included in 
these specifications. 
Finally in March 1999 the Codex Committee for Food 
Additives and Contaminants gave acceptance to the 
specification in category 11 (recommended for adoption 
after editorial changes, including technical revisions). 
Those editorial changes included: 
- the deletion of the synonyms gum hashab, 
kordofan and gum talha. 
- the deletion of the sentence ‘gum from 
other Acacia species are not included. 
- and the deletion of the sentences referring 
to immunological differentiation and 
technological interchangability.  
This proposal was accepted and sent to Codex 
Alemintraius Commission at its 23rd session in Rome in July 
1999 and adopted. And the approved specification for gum 
arabic establishes the definition as: Gum arabic is a 
dried exudation obtained from the stems and branches of 
A.senegal(L) or A.seyal (Fam.Leguminosae).  
2.1.4.  The chemical structure of gum arabic: 
Chemically, all Acacia gums are Arabinogalactan-
proteins (AGP). AGP’s are found in higher plants and in 
                                                                                          15
many of their secretions. They are a group of 
macromolecules characterized by a high proportion of 
carbohydrate in which galactose and arabinose are the 
predominant monosaccharide sub-units.  There is also a low 
proportion of protein, typically containing high levels of 
hydroxyproline. 
It was noted that the gum was very heterogeneous and 
it was described as ‘heteropolymolecular’, i.e. having 
either a variation in monomer composition and/ or a 
variation in the mode of linking and branching of the 
monomer units, in addition to a distribution in molecular 
weight. (Lewis, 1957; Jermyn, 1962; Anderson, 1966b). 
Fractionation of A.senegal gum by hydrophobic 
affinity chromatography reveals that it consists of at 
least three distinct components: Fraction 1 AG  
(arabinogalactan), fraction 2 AGP (arabinogalactan- 
protein) and fraction 3 GP (glycoprotein) (Randall et al., 
1989; 1988). But even those contain a range of different 
molecular weight components revealing the polydipersity of 
the gum  (Osman et al, 1994). Fraction 1 containing 88% of 
the total has only small amount of protein. Fraction 2 
represents 10% of the total with a protein of 12%. 
Fraction 3 resembles 1.24% of the total, but contains 
almost 50% protein, which is 25% of the total protein 
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present in the whole gum. AGP is responsible for the 
emulsifying properties of gum arabic (Randall et al., 
1989; 1988). 
  Fractionation of A.seyal using the same conditions 
reveals that it has a similar but not identical 
composition. Fraction 1 contains a higher proportion of 
the total gum and a higher protein content than the 
comparable fraction of A.senegal. The composition of the 
sugars in the fractions do not differ significantly 
(Underwood,1994).
22
  
The AGP consist of a polypeptide backbone, to which 
one or more AG’S with a molecular weight of ca. 2X105 are 
attached. Undertaking a pronase treatment of the gum, it 
was shown that the AGP is degraded to AG, while the weight 
average molecular weight (Mw) changed from 720 000 to 180 
000.  Whereas, the number average molecular weight (Mn) 
remained constant 190 000-180 000 (Duvallet et al. 1989).  
These results led to the suggestion that the gum had a “ 
wattle blossom” (Fig.1.) type structure with a number of 
polysaccharide units linked to a common polypeptide chain 
as proposed by Fincher et al, (1983). For AGPs generally. 
The molecular weight of the blocks has been calculated to 
be of the order of 2x105 (Connolly et al. 1988). This 
results in a polydisperse gum with extremely high molecular 
weight protein containing components. The complex structure 
of AG has order within the polysaccharide chain i.e there 
are regularly repeating blocks, each containing –13 D- 
galactopyranosyl residues. These repeating blocks with a 
molecular weight of 2000 can also be found in gums from 
Bentham series1 and 2. There is strong evidence for the 
occurrence of uniform sub-units with a molecular weight of 
ca 8000 (Stephen, 1987) this sub unit has also been 
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 postulated for some simpler polysaccharides with lower 
molecular weight  
There is also evidence that side chains contain 
smaller units of (1→3) linked L- arabinofuranosyl residues, 
L- rhamnopyranosyl residues are terminal and frequently 
attached to O-4 of D –glucopyranosyl-uronic acid. 
 
 
 
Polypeptide chain(400 amino acid residues) 
 
 
 
 
 
 
                
                         ↑ 
Branched carbohydrate blocks 
(molecular mass ≅250,000) 
 
  
Fig.1  Wattle blossom-type structure of the high molecular 
mass fraction of Acacia.senegal gum. 
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For A.seyal gum Anderson and Herbich (1963). Found 
that his gum is similar to the Acacia gums that it contains 
glucuronic acid, galactose, arabinose and rhamnose.  But 
the presence of acid-labile residues and the mild decrease 
in viscosity detected on mild hydrolysis indicated that 
A.seyal probably further resembles other Acacia gums in 
having a main chain, resistant to hydrolysis, to which is 
attached acid-labile side-chain.  
  Street and Anderson (1983) suggest different 
structures of the polysaccharide from A.senegal and 
A.seyal.  In an early publication A.seyal is more highly 
branched than A.senegal (Anderson, 1968). 
Recently, study of A.seyal by GPC shows that it has a different profile in its GPC 
chromatogram than A.senegal, but in general all three fractions can be recognized. In 
addition to the fractions obtained with A.senegal there is another fraction, which may 
contain some protein, but is not a major fraction.(Underwood and Cheetham,1994).   
2.1.5 Physicochemical properties of gum arabic: 
Physical properties are important in determining the 
commercial values and end uses of such products as gum 
arabic.  For gum arabic these properties are: 
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 2.1.5.1 Solubility: 
it is highly soluble in water. It can yield a solution up 
to 50% concentration. And at those levels it forms high–
solid gels. It is insoluble in most organic solvents. 
Limited solubility can also be obtained with ethanol (up to 
60%), glycerol and ethylene glycol. 
 
2.1.5.2. Viscosity: 
Although gum arabic is a high molecular weight it is a 
highly soluble gum, it has a rather low viscosity, higher 
viscosity is not obtained with gum until the concentration 
of about 40-50% (Glicksman, 1969).  The intrinsic viscosity 
of fresh collected gum varies from 14 to 60cm3/ g and the 
mean viscosity changes with the age of the crop, season and 
samples picked from one tree (Duvallets, et al. 1993).  
Viscosity is a factor involving the size and the shape 
of the macro-molecule. It can be presented in many terms 
such as relative viscosity, specific viscosity, reduced 
viscosity, inherent viscosity, kinematic or dynamic 
viscosity and intrinsic viscosity. 
 Anderson (1966a) in an early investigation for 
electro-dailized fractions of Acacia.senegal gum showed 
that the intrinsic viscosity for this gum was 20cm-3g-1. 
Anderson (1983) reported 13.4cm-3g-1 intrinsic viscosity for 
26
 authenticated specimens and 17cm-3g-1 for commercial samples 
of A.senegal gums. 
Vandevelde et al. (1985) found that the intrinsic 
viscosity for A.senegal gum originated from Sudan was in 
the range of 15.5 to 40ml-3g-1. 
Idris (1989) measured the intrinsic viscosity of 
samples obtained from A.senegal trees of different ages and 
concluded that it ranged from 7.2 to 14.2 cm-3 g-1 and that 
of stored samples to be 17.8 to 18.6 cm-3g-1. 
Anderson et al. (1991b) reported 16 cm-3g-1 for Sudanese 
samples 
Jurasek et al. (1993) surveyed the analysis of 18 specimens 
of A.senegal and found their values to range from 13.4 to 
23 ml-3g-1.  
For A.seyal Anderson and Weiping (1991c) reported the 
values of 12,14,15,17,19 and 21ml/g intrinsic viscosity for 
samples from Niger, Uganda and Sudan. Hassan 2000 reported 
the range of 11-17 ml/g. 
The values of 15.8ml/g, 20.7 ml/g were reported for 
A.polycantha and A.laeta respectively (Anderson, 1978; 
Karamalla, 1965).  
Siddig (1996) analyzed about 94 A.senegal gum samples 
for intrinsic viscosity and she reported the mean value of 
16.44 ml/g.   
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 2.1.5.3  Rheological properties: 
Gum arabic exhibits typical Newtonian behaviour up to 
40% concentration. Above this level solution assume 
pseudoplastic characteristics. Rheological behaviour also 
denoted by increase in viscosity with increase in shearing 
stress( Glicksman, 1969). 
2.1.5.4. Effect of aging: 
Gum arabic solution under goes a decrease in viscosity 
with age.  
2.1.5.5.  Emulsifying properties: 
Gum arabic produce stable emulsion with most oils over 
a wide pH range and in the presence of electrolytes. 
2.1.5.6. Sugar composition: 
The sugar components of gum arabic are: D-galactose, 
L-arabinose, L- rhamnose, D-glucuronic acid and 4-O-
methyle-glycuronic acid. The proportions differ from 
species to species. 
For A.seyal Anderson and Weiping, (1991c) reported the 
ranges of 34-38 galactose, 47-52 arabinose and 1-4 rhamnose 
for samples from Niger, Uganda and Sudan. 
2.1.5.7. Optical rotation: 
Where as the Vulgares–series is laevorotatory, the 
Gummiferae- series is dextrorotatory.  Some species of 
Gummiferae- series are also laevorotatory (Phillips and 
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 Williams, 1994).  Specific rotation is considered as the 
most important criterion of purity and identity of gum 
arabic. In the revised specifications FAO (1990) A.senegal 
gum specific rotation falls within the range between-26o to 
–34o. 
Anderson et al. (1966a) reported the specific rotation 
as –31.5o.  
Vavdevelde (1985) reported specific rotation to be 
ranging between –29o to – 34.4o. 
Jurasek et al. (1993) in a chemometric studies 
concluded that the specific rotation of gum arabic ranged 
between –20o to –32o. 
Anderson and Wieping, (1991c), reported the range of 
+51o to +69o for A.seyal var seyal.  
Siddig (1996) analyzed about 807 A.senegal gum samples 
and she repoted the mean value of –31.3o. 
The values of optical rotation for A.polyacantha, 
A.laeta and A.mellifera were reported as –3o to-12o, -35o to 
–42o, and –45o to –56o respectively, (Anderson, 1968 and 
Karamalla, 1965). 
2.1.5.8. Equivalent weight: 
The acid equivalent weight, or the titratable acidity, 
is determined as the mls of 0.02 N sodium hydroxide that 
neutralizes 10mls of 3% gum arabic solution. 
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 Karamalla et al. (1965) in a comparative examination 
of sixteen A.senegal samples reported the range of 0.72mls 
to 1.02mls. Where as Anderson et al. (1983) studying 
authenticated and commercial samples found that the 
authenticated samples gave 1100 equivalent weight and the 
commercial samples reflected 990 equivalent weight. 
Jurasek et al. (1993) using nine physical and chemical 
parameters for distinguishing between Acacia subgenous 
calculated equivalent weight of A.senegal to be 1020. While 
Osman et al (1993) reported 1040 –1119 equivalent weight 
for A.senegal. 
Anderson and Weiping (1991c) reported the range of 
1200 –1690 equivalent  weight for 8 samples of A.seyal gum 
solutions. 
 The values of 1900,1900 and the range of 822-8430 
were reported for A.polyacantha, A.laeta and A.mellifera 
respectively. 
2.1.5.9. Uronic acid: 
 The uronic acid is determined from the equivalent 
weight as shown in the methods above. 
In an early study by Karamalla (1965) he reported the 
range of 14-16.2% for uronic acid, while Anderson et al 
(1983) reported the values of 16% for authenticated samples 
and 18% for commercial samples for A.senegal gum solutions. 
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 Jurasek (1993), reported an average value of 17% 
uronic acid for A.senegal gum solution. 
For A.seyal Anderson and Herbich (1963) reported that 
the range of uronic acid among individual nodules to be 
9.0-16.8%. And Anderson and Weiping (1991)  reported the 
range of 10-15 % uronic acid for 8 samples of A.seyal gum 
solutions from three African countries. 
The values of 9, 14 and the range of 10.7-16.5 were 
reported for A.polyacantha, A.laeta and A.mellifera 
respectively. 
2.1.5.10. Moisture contents: 
Anderson and Herbich (1963) studied the variation in 
individual nodules of A.seyal and reported the moisture % 
to be ranged from 11% to 15.9%. Anderson and Weipping 
(1991c) reported the moisture content of A.seyal to be 
within the range of 11.7 –16.3%. 
2.1.5.11. Ash contents: 
Anderson and Herbich (1963) reported the values of 
1.94 –3.61% for individual nodules of A.seyal gum. Anderson 
and Weiping (1991c) reported the range of 1.6–3.9 % ash 
content for A.seyal gum solution. 
 For A.polyacantha the ash content was determined as 
2.929% (Anderson, 1968). 
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2.1.5.12  Mineral composition: 
Snowden et al. (1987) reported that A.senegal contains 
0.89%, 0.98% and 0.02% w/w of Ca, K, and Na ions 
respectively, which indicates that K has the highest 
concentration of metallic ions present.  Similar results 
were obtained by Idris (1989), who reported a range of 0.82 
to 0.92%, 0.87 to1.10, 0.073 to0.198% and 0.005 to 0.01% 
for Ca, K, Mg and Na respectively. 
Awad El Karim (1994) reported (for commercial grade 
gum arabic samples) concentrations of 0.45-0.85%, 1.0-1.6%, 
0.18-0.36% and 0.053-0.099% for Ca, K, Mg and Na 
respectively, which also show that the concentration of K 
ions is the highest followed by Ca, Mg and Na.  A similar 
pattern of results was also given by Ali (1998) who 
obtained for 12 authenticated gum samples a range of 0.34 
to 0.97%, 1.1 to 1.51%, 0.28 to 0.36% and 0.013 to 0.081 
for Ca, K, Mg, Na respectively.  
Buffo et al. (2001) studied the mineral composition of 
A.senegal and A.seyal samples using atomic emission 
spectroscopy and the values he reported were illustrated in 
Table.2. Also Anderson et al in 1992 and 1990 reported the 
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 values seen in Table 2 for some minerals present in 
A.senegal gum. 
2.1.5.13  Amino acids analysis: 
It was established by Akiyama et al. (1984) that 
the protein part of gum Arabic is probably 
covalently bound to carbohydrate.   They 
indicated that the amino acid composition of gum 
Arabic is rich in hydroxyproline and serine while 
the alanine content is low.  They also 
demonstrated that the glycosidic linkage Table 2. 
Qualitative/ quantitative mineral analysis of gum 
acacia samples. 
Sample/mine
ral 
P K Ca Mg Mn Al Fe Na Zn Cu B Pb Ni 
A.senegal* 2.46-
6.51 
6664-
7735 
5387-
6314 
1345
-
1987 
2.37
-
8.76 
4.14-
10.99 
2.48
-
6.85 
3.84
-
11.9
9 
0.24-
0.38 
1.14
-
1.45 
0.49
-
0.76 
<0.8
4 
<0.2
2 
A.seyal* 12.83
-
24.04 
2400-
3558 
9453-
10145 
1224
-
1295 
0.72
-
2.61 
11.18
-35 
6.51
-
17.0
6 
6.54
-
49.5
5 
0.26-
0.33 
0.21
-
2.49 
0.52
-
0.63 
<0.8
4 
<0.2
2 
A.senegal# - 22100
0-
51353
0 
13500
0-
35398
0 
2201
0-
8197
0 
5-
133 
- 175-
1304 
56-
1207 
10-53 16-
77 
- - - 
^+A.senegal - 9400 2560
00 
380
00 
100 - 128 2201
0819
70 
24 52 - - - 
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*Buffo et al , 2001 (ppm) 
#Anderson and Weiping, 1992 (µg/g) 
+ Anderson et al 1990b (µg/g). 
 
 
 
 
 
 
 
between the carbohydrate and protein moieties is an o-
glycosidic linkage involving hydroxyproline.  
Gum Arabic was separated by Lamport et al. (1991) into a 
high molecular weight of gum Arabic glycoprotein containing 
90% carbohydrate, and a lower Molecular weight of gum 
Arabic glycoprotein containing 90% carbohydrate, and a 
lower molecular weight heterogeneous gum polysaccharide 
fraction.  Deglycosylation of the carbohydrate gave 400 
residues of hydroxyproline-rich polypeptide Bach-bone. 
Alkaline hydrolysis showed that most of the carbohydrate 
was attached to the polypeptide back-bone as small residues 
(30 residues) of hydroxyproline-polysaccaride linked. 
Anderson et al. (1990a) 
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 Andersdon and Weiping (1991c), reported that A.seyal 
had higher proportions of aspartic acid and valine and 
lower proportions of histidine and serine.  And they 
reported that this has been shown to reflect the location 
of higher proportions of amino acids at the core of the 
highly branched gum molecules than at perpheral sites.  And 
considered to be responsible for surface active 
functionality and this is one of the major differences from 
gum Arabic.  
Table 3 shows the amino acid composition of A.senegal 
and A.seyal. 
 
 
 
 
 
Table. 3  The amino acid composition of some Acacia 
gums. 
 
Amino acid/sample A.senegal* 
(residues/1000
residues) 
A.seyal# 
(residues/1000r
esidues) 
Alanine 23-31 13-38 
Arginine 7-21 5-11 
Aspartic acid 47-89 26-140 
Cystine 0-12 - 
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 Glutamic acid 28-55 10-38
Glycine 40-61 21-51 
Histidine 40-55 17-51 
Hydroxyproline 210-378 240-730 
Isoleucine 7-17 7-16 
Leucine 52-79 30-85 
Lysine 21-31 8-18 
Methionine 0-4 1-3 
Phenylalanine 27-41 10-24 
Proline 48-90 24-73 
Serine 111-152 43-170 
Threonine 56-86 21-97 
Tyrosine 9-29 10-15 
Valine 17-46 23-42 
*Anderson et al. (1990b), # Anderson et al. (1990b) and 
Konny (2000).  
 
 
2.2.  Materials and methods: 
2.2.1. Sample collection: 
  Samples code, origin, date of collection, place of 
collection, nature of samples and characteristics if the 
soils from which the samples have been collected were 
described in Table.4. 
2.2.2. Physical properties of the samples: 
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  The physical properties and appearance of the natural 
gums are of utmost importance in determining their 
commercial value and their end use. A.senegal  
 S1, S2, S13& S16) are tears or nodules of globular shape, 
the surface of the nodules are rough with small cracks.  The 
colour varies from water-white (coulorless) through shades 
of yellow to light brown, the samples are odourless and 
tasteless. 
A.polyacantha (S4, S5 and S14) : globular in shape, with 
rough surface, hard, the colour varies from water–white 
(colorless) through shades of yellow to light brown, 
odourless and tasteless. 
A.laeta (S8, S9 and S15 ): very close in shape and colour 
to A.senegal., hard nodule of various colours, the samples 
are odourless and tasteless. 
A.mellifra (S10&11): flakes and thread-like ribbons in 
shape, small nodules, colour less, odourless and tasteless. 
A.seyal (S3& S17): color varies from colorless to dark 
brown, some times with a sweet or bitter taste, odourless.  
The samples are fragile nodules that (some times) can be 
crushed between fingers. 
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 Table.4   Description  of the samples used in this study  
Sample 
code 
Origin Date of 
collecti
on 
Place of 
collecti
on 
Soil 
type 
S1 Acacia senegal 
var senegal 
1998 Obied Sand 
soil 
S2 Acacia senegal
var. senegal 
1998 Damazin
e 
Clay 
soil 
S17 Acacia seyal 
var.seyal 
2000 Blue 
Nile 
Clay 
soil 
S5 Acacia 
polycantha 
1998 Damazin
e 
Clay 
soil 
S8 Acacia laeta 1996 Ocay Clay 
soil 
S9 Acacia laeta 1994 Rahad Clay 
soil 
S10 Acacia 
meliffera 
1997 Al 
Lyona 
Sand 
soil 
S11 Acacia 
meliffera 
1994 Daly Clay 
soil 
S12 Acacia senegal 
var senegal 
1999 Damazin
e 
Clay 
soil 
S13 Acacia senegal 
var senegal 
1997 Obied Sand 
soil 
38
 S14 Acacia 
polycantha 
1999 Gum 
Arabic 
Co 
Clay 
soil 
S15 Acacia laeta 1999 Gum 
Arabic 
Co 
Clay 
soil 
S16 Acacia senegal
var senegal 
1999 Gum Arabic 
Co 
Sand 
soil 
All samples are authenticated samples 
 
 
 
2.2.3. Samples preparation: 
Gum nodules were dried at room temperature, then 
cleaned by hand, ground using mortar and pestle, sieved 
through sieve No 4 and kept in a labeled plastic sachets 
for analyses. 
2.2.4. Moisture content:  
The moisture content was calculated according to FAO 
paper No 49(1990). Accurately weighed two grams of the 
ground gum were heated in an oven (Heraeus) at 105C0 to a 
constant weight. Then the moisture content was determined 
as the percentage of the lost weight to the total weight  
2.2.5 Apparent Equivalent weight:  
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 The apparent equivalent weight was determined 
according to the  Encyclopedia of Chemical Technology 
(1966), with some modifications. 
3% gum solution was passed through a column filled 
with Amberlite Resin 120 (H+) 2 grams per 10mls solution) 
then titrated against 0.02 N sodium hydroxide solution 
using phenolphthalein as indicator and the equivalent 
weight was determined as follows: 
Equivalent weight =    50,000X 0.3 
                                        M 
 
Where: 
M = No of mls of 0.02N sodium hydroxide neutralizing 10mls 
of 3% gum solution 
0.3= No of grams of gums per 10mls of the solution. 
2.2.6. Uronic acid: 
Uronic acid percentage was determined by multiplying 
the molecular weight of uronic acid (194) by 100 and 
dividing by the apparent equivalent weight of the sample as 
follows: 
Uronic acid %   =      194X100 
                           Equivalent weight 
 
2.2.7. Specific optical rotation: 
The specific rotation was determined for 1.0% solution 
(on a dry basis) using an Optical Activity Bellingham and 
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 Stanley Ltd Polarimeter fitted with a sodium lamp and with 
a cell path length of 20 cm. The solutions were passed 
through a No.42 filter paper before carrying out the 
measurements at room temperature. 
2.2.8  Nitogen content: 
The procedure used is a two stages, process in which 
the gum samples are digested in hot concentrated sulphuric 
acid and the ammonia released using sodium hydroxide is 
neutralized using standard acid. 
1-digestion: 
Sample + (H2SO4 conc + catalyst)→(NH4)2SO4. 
(NH4)2SO4 + (1)alkali (2) steam→2NH3+Na SO4. 
2- Neutralization: 
NH3+H3BO3→NH4+H2BO3. 
The borate anion equivalent to the ammonia produced is back 
titrated with standard HCL (0.02mol.dm-3) 
H2BO3 + HCL→H3BO3+CL- 
Accurately weighed samples of the gum (0.2g) were 
transferred to the digestion tubes to which a catalyst 
tabled and 10ml of concentrated sulphuric acid were added. 
The tubes were placed in the digestion heating system which 
was previously set to 2400oC.  Complete digestion is 
attained when the heated solution turns into a clear 
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 yellowish-green colouration. The tubes were allowed to cool 
to room temperature. Blanks containing 10mls of sulphuric 
acid and catalyst were digested in the same way as the test 
samples. The blanks and the samples were analyzed by the 
addition of sodium hydroxide (40%) followed by steam 
distillation.  The ammonia released is absorbed in a known 
volume of boric acid and the borate anion generated is back 
titrated with 0.02mol.dm-3 HCL. The volume required to 
neutralize the borate anion is determined  
The nitrogen content of the samples is calculated as 
follows: 
N%=    14.01 X M X (vol of titrant blank)  
                Weight of sample (grams) 
  
Where, M is the molarity of HCL 
2.2.9. Intrinsic viscosity: 
 
Gums samples were dissolved in 1M Nacl solution to 
give solutions with concentration of 3%. The solutions were 
filtered through a 3µm Millipore filter into clean 
containers and the viscosity determined using a Cannon- 
Ubbelohde(M130) semi micro dilution viscometer size 75. The 
viscometer was cleaned by washing with distilled water and 
dried in acetone. Exactly 2ml samples were pipetted into 
the reservoir of the viscometer and the viscometer was 
placed into the holder and inserted into a constant 
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 temperature water bath set at 250C. The initial relative 
viscosity was determined. Three subsequent readings for the 
flow time were taken. Further dilution of the samples were 
made in–situ by adding appropriate amounts of the solvent 
and the flow time for each concentration was determined as 
described previously.  
Intrinsic viscosity was determined according to the 
following equations: 
 
ηrel = η/η0= t/t0                …………….. [1] 
ηsp   = ηrel – 1                   …[2] 
ηred  = ηsp/c 
[η]   =lim→0 ηsp/c             …[3] 
t  : flow time in seconds for sample 
to : flow time in seconds for solvent 
c  : concentration. 
The intrinsic viscosity is determined from the 
intercept in the plot of ηred as a function of sample 
concentration at zero concentration (infinite dilution). 
 The intrinsic viscosity is related to the molecular mass 
according to the Mark- Houwink equation (1938, 1941). 
[η]  =  K Ma 
K and a = constants. 
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2.2.10.  Mineral composition: 
The mineral content was determined using the technique 
of X- ray fluorescence, at the Nuclear Science Laboratory, 
Department of Physics, Faculty of Science, U of K. The gum 
samples were first crushed into fine powder and then 
pressed into pellets using a 15 ton pressing tool to a 
diameter (of each pellet) of about 2.5 cm and a mass of 
about 1 g.  The pellets were introduced into an XRF 
spectrometer system, where each of them was measured for 
2000 sec. The spectra obtained as a result of X- ray 
excitation using Cd-109 X-ray source, were analyzed using 
AXIL –XRF SOFT WARE.  Hay standard was used to insure 
reliability of the results. 
Sodium and Magnesium were determined using GBC 932 
Plus Atomic Absorption spectrometer.  One gram of each gum 
sample was ignited at 550oc for 5 hours, the ash was treated 
with 10ml of 4N HCL, heated in a sand bath to dissolve the 
ash and the solution was diluted to 100ml with distilled 
water and the absorption of the element was determined. 
Standards were used to construct a calibration curve.  
2.2.11.  Amino acids composition: 
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  The procedure used involved a considerable amount of 
development work over several months carried out by the 
University of Birmingham in conjunction with a Dionex. 
Ltd., using their newly developed ‘carbohydrate Removal 
Kit’ (CRK).  The CRK facilitates chromatographic analysis 
and pulsed amperometric detection (PAD) of trace levels of 
free amino acids in the presence of large quantities of 
carbohydrates without the needs of any pre or post-column 
derivatization. This technique was applied to the study of 
the amino acids profiles of the residual protein present in 
the polysaccharide samples by controlled acid hydrolysis, 
removal of released monosaccharides using the CRK and 
subsequent quantitation of the released free amino acids. 
  A detailed time study (over the period 0-24 hours) 
was performed on a selection of replicate gum samples 
(150mg) which were accurately weighed into small vials. The 
samples were dissolved in a small quantity of water (2.5ml) 
for approx. 2hrs. Subjected to 5ml of 6M methanesulphonic 
acid (MSA, 4M) and  hydrolysed at 90oc for 20hrs in a water 
bath. The hydrolysates were neutralized using 7.5ml sodium 
hydroxide (4M), and subjected to CRK/amino acid analysis 
using Dionex GP50 Gradient Pump, Dionex ED40 Pulsed 
Amperometric Detector (PAD) using a gold electrode and 
silver chloride reference electrode , Dionex Amino Pac PA 
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 10 analytical, using deionised water, sodium hydroxide 
(250mM) and sodium acetate (1.0M) as eluents at a flow rate 
of 0.25ml/minute .  All of the provided whole gum samples 
and fractions (S3, S14, S56 and S16) were subsequently 
hydrolyzed under the same conditions (4M MSA, 90OC, 20 
hours). 
 Asn and Gln are completely converted to Asp and Glu, 
respectively, during acid hydrolysis.  Trp suffers complete 
loss during acid hydrolysis.       
            
        
 
2.3  Results and discussions: 
2.3.1  The moisture, Ash contents and pH: 
Table.5 shows the moisture content, Ash contents and 
pH of some samples of Acacia.senegal (S1, S2, S12, S13, and 
S16), A.seyal (S3), A.polyacantha (S4, S5 and S14) , 
A.laeta (S8 and S9) and A.mellifera (S10 and S11).  
The moisture content of A.senegal was found to fall 
within a range of 10.0-16.15%, A.seyal 10.4%, A.polyacantha 
9.4-11.6%, A.laeta 11.85-12.78 % and A.mellifera 9.82-
10.05%. 
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 Table.5. Also show that the ash content of A.senegal 
was found to be within the range of 2.0-3.0%, A.seyal 3.0%, 
A.polyacantha 2.0-2.5%, and A.laeta 2.0-3.5% .  
As shown in Table.5. the pH for A.senegal is 
determined as 4.35-4.64, A.seyal 4.22, A.polyacantha 4.36-
4.85, A.laeta 4.3-4.31 and A.mellifera 4.9-5.05. 
All those results are in agreement with the figures 
obtained in the litreature (Anderson, 1968, 1978, and 1990, 
Kramalla, 1965, Osman, 1993).  
2.3.2. Viscosity measurements: 
Absolute viscosity was measured using Brookefield 
viscometer, the results were shown in Tables.6 and 7.  The 
viscosity for A.senegal S1 and S 2 were found to be 109 and 
89.3CPS respectively, for A.seyal S3 it is 167CPS, 
A.polyacantha S4 and S5 it was found to be 119 and 172 
respectively and it measured 63.7 and 127 for A.laeta S8 
and S 9 respectively. It can be seen that there was a 
variation in viscosity among samples from the same species 
for all gum types. These Table 5. The moisture, Ash content 
and pH of some Acacia gum. 
Sample No Moisture % Ash % PH 
S1 12.76 5.34 4.38 
S2 12.85 2.0 4.42 
S3 10.4 3..5 4.22 
S4 11.38 2.5 4.42 
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 S5 11.6 3.16 4.85 
S8 12.78 3.8 4.3 
S9 11.85 3.5 4.31 
S10 9.82 nd 5.05 
S11 10.0 nd nd 
S12 11.59 nd 4.64 
S13 16.15 3.0 4.5 
S14 9.4 3.8 4.36 
S15 9.5 nd nd 
S16 10.0 5.0 4.35 
 
 
Table 6.   Intrinsic viscosity and nitrogen contents of 
some Acacia gum solutions 
Sample code  Intrinsic viscosity 
ml/g 
Nitrogen% 
S1 14.0 0.34 
S 3 15.95 0.21 
S4 12.8 0.33 
S5 12.7 0.36 
S8 17.8 0.32 
S9 16.7 0.31 
S10 13.7 nd 
S13 16.4 0.32 
S14 12.9 0.33 
S15 15.3 nd 
S16 12.3 0.35 
Table 7.  Viscosity, specific rotation, Equivalent weight 
and uronic acid of some Acacia gum solutions 
Sample 
code 
Viscosit
y (CPS) 
Specific 
rotation(de
gree) 
Equivalen
t weight 
Uronic 
Acid% 
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 S1 109 -32.5 1363 14.23 
S2 89.3 -30.5 1153 16.33 
S3 167 +50 nd nd 
S4 119 -7 1500 12.93 
S5 172 -7 1666 11.64 
S8 63.7 -27 1250 15.52 
S9 127 -37 1153 16.81 
S10 nd -57 1071 18.1 
S11 nd nd 908 21.34 
S12 nd -25 1250 15.52 
S13 90 -31 1500 12.93 
S14 57 -12 nd nd 
S16 86 -31 nd nd 
 
 
 
 
 
 
 
 
results confirm the fact that there was an inhereted 
variation in the molecular weight of natural gums. 
         The intrinsic viscosity for A.senegal samples were 
found to be 14,16.4 and 12.3 ml/g for S1, S13 and S16 
respectively, for A.seyal its 15.9ml/g, A.polyacantha were 
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 12.8, 12.7 and 12.3 ml/g for S4, S5 and S14 respectively, 
and were found to be 17.8, 16.7 ml/g and 15.3 ml/g for 
A.laeta S8,S9 and S15 respectively, and it was 13.7ml/g for 
A.mellifera.(Table.5.) 
         The intrinsic viscosity for A.senegal was found to 
be in good agreement with the values reported by Anderson 
(1966,1983), Vandevelde (1985), Idris (1989) and Anderson 
(1991).  
        The intrinsic viscosity for A.seyal falls within 
the range reported by Anderson and Weiping (1991) and the 
range reported by Hassan 2000.  
         The intrinsic viscosity obtained for 
A.polyacantha, A.laeta and A.seyal were also found to be in 
good agreement with Anderson (1978,1979) and Karamalla 
(1965). 
2.3.3  Nitrogen content: 
         Table.6  also show the nitrogen content of 
A.senegal, .seyal, A.polyacantha and A.laeta.  The values 
for A.senegal were found to be 0.34 and 0.35% for S1 and 
S16 respectively.  The value of 0.21% was reported for 
A.seyal (S3), for A.polyacantha the nitrogen contents of 
S14 and S5 were determined as 0.33 and 0.36% respectively, 
and that for A.laeta S8 and S9 were reported as 0.32 and 
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 0.31% respectively.  All those values are in agreement with 
the data already reported in litreatire.(Table.1.)    
 
2.3.4. Specific optical rotation: 
         Table.6.  Show the specific rotation for all types 
of gums under study. The values reported for specific 
rotation for A.senegal samples were –32.5 o,-30.5 o,-25 o,-
31o,and –31 o for S1,S2,S12, S13 and S16 respectively, 
A.seyal (S3) its +50 o, A.polycantha –7,-7o and –12o for 
samples S4,S5 and S14 respectively , for A.laeta  the 
values reported were –27o and –37o for samples S8 and S9 
respectively , and for A.mellifera (S10) the value was –57o. 
          The specific rotation for A.senegal in this study 
agree with the values reported previously in the literature 
and the values reported by Anderson (1991, 1978 and FAO, 
1990).  
        The values reported for A.seyal, A.polyacantha, 
A.laeta and A.mellifera were in agreement with the values 
reported by Anderson and weiping (1991). 
2.3.5. Equivalent weight and uronic acid contents: 
        The results of equivalent weight and uronic acid 
obtained for samples of all gum types studied were 
summarized in Table. 6. 
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          For A.senegal samples the values obtained for 
equivalent weight were found to be 1363, 1153, 1250 and 
1500 for sample S1, S2, S12 and S13 respectively, where as 
the valued obtained for uronic acid contents for the same 
samples were   14.23, 16.3315.52 and 12.93 respectively.  
All those values for equivalent weight and uronic acid 
contents obtained for A,senegal are in full agreements with 
the values cited in the literature. (Anderson 1991, Siddig 
1996 and Karamalla 1965). 
          For A.polyacantha the values of equivalent weight 
were 1500 and 1666 for samples S4 and S5 respectively, 
where as the values obtained for uronic acid contents for 
the same samples were 12.93 and 11.64 respectively. 
          The values of equivalent weight for A.laeta S8 
and S 9 were found to be as 1250 and 1153 respectively. On 
the other hand, the values of 15.52 and 16.8 uronic acid 
were found for the same samples respectively. 
          The values of equivalent weight for A.mellifera 
samples S10 and S11 (Table.7) were 1071 and 908 
respectively, where as the values of uronic acid contents 
obtained for the same samples were 18.1 and 21.34 
respectively.    
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         All the results obtained for A.polyacantha, A.laeta 
and A.mellifera samples were in good agreements with the 
values cited at Anderson and weiping, 1991 Table.1. 
2.3.6  Mineral composition: 
        The mineral composition of A.senegal S1 and S16, 
A.seyal S3 and S17, A.polyacantha S5 and S14 and A.laeta S8 
and S9 were shown in Table.8.   
                  Comparing the values reported for 
A.senegal with the values reported by Buffo (2001). We 
could observe that the value of K was the same value, the 
values reported for Mg were low and the values reported for 
Ca, Mn, Fe, Cu and Zn were higher than the values reported 
by Buffo. For A.seyal the values for Na and Ca were more or 
less the same values, lower for K and Mg, and very high for 
Mn, Fe, Cu, and Zn. Buffo (2001) reported no values for Br, 
Rb, Sr, or Zr.  
 
 
Table 8  The mineral composition of some Acacia gums. 
Element(ppm)/ ssample Na K Ca Mg Mn Fe Cu Zn Br
A.senegal S1 7.092 7500 5700 25.54 570 530 123 39 2.
Asenegal S16 27.702 7800 7500 22.386 640 540 130 46 4
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A.seyal S3 5.491 7900 11200 11.744 750  130 620 2.
A.seyal S17 9.670 10100 7000 27.036 200 190 51 13 2.
A. polycantha S5 6.141 9200 7900 13.095 660 570 160 48 3.
A.polycantha  S14 5.907 8700 5700 17.976 650 580 140 45 3.
Alaeta S8 5.59 8400 11200 18.247 640 580 140 48 4.
A.laeta S9 33.110 9800 7300 20.457 640 510 130 46 3
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Comparing the four gum types with each other, the values 
for Na were found to be, more or less, the same in all gum 
types except for A.polyacantha which had a low Na value. 
The values of K were higher in A.seyal, A.polyacantha and 
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 A.laeta compared with A.senegal.  For Ca A.laeta and 
A.seyal had the highest values. Mg and Mn,Br, and Zr had 
more or less the same values in all gum types.  Fe ,Cu and 
Zn more or less the same values except for A.seyal which 
had a wider range compared with other three types. A.laeta 
had a wider range of Rb and A.polyacantha had a wider range 
of Sr.  
           The results totally disagreed with the values 
reported by Anderson and Weiping, 1992., except for Zn, 
where the values reported were more or less the same values 
this may be due to the differences in techniques used. 
2.3.7  Amino acid analysis: 
The amino acid profile of A.senegal (S16), A.seyal (S3), 
A.polyacantha (S14) and A.laeta (S15) were shown in Table 
9. The results show that A.laeta gum has the highest total 
amino acid content followed by A.senegal gum then 
A.polyacantha gum and lastly A.seyal gum. Serine (0.26%) 
and aspartic acids (0.22%) were the two dominant amino 
acids present in A.senegal gum.  Serine (0.22%), aspartic 
acid (0.14%) and glutamic acid (0.13%) were the dominant 
amino acids present in A.seyal gum, Aspartic acid (0.24%) 
and serine (0.21%) were the dominant amino acids in 
A.polyacantha gum and serine  (0.43%), hydroxyproline 
55
 (0.31%) were the dominant amino acids present in A.laeta 
gum. These results were not in consistency with the  
Table 9 . The amino acids composition of A.senegal, A.seyal, A.polyacantha and 
A.laeta gums. 
(%w/w)/sample A.senega
l (S16) 
A.seyal 
(S3) 
  
A.polyacan
tha (S14) 
A.laeta 
(S15) 
Alanine 0.11 0.06 0.09 0.14 
Arginine 0.04 0.02 0.03 0.05 
Aspartic acid 0.22 0.14 0.24 0.14 
Cystine 0.02 0.02 0.02 0.03 
Glutamic acid 0.11 0.13 0.17 0.27 
Glycine 0.10 0.03 0.06 0.10 
Histidine 0.12 0.05 0.08 0.14 
Hydroxyproline 0.19 0.11 0.17 0.31 
Isoleucine 0.04 0.01 0.04 0.08 
Leucine 0.16 0.09 0.13 0.21 
Lysine 0.09 0.02 0.09 0.10 
Methionine 0.01 0.01 0.01 0.01 
Phenylalanine 0.12 0.04 0.15 0.14 
Proline 0.12 0.07 0.13 0.18 
Serine 0.26 0.22 0.21 0.43 
Threonine 0.10 0.04 0.08 0.13 
Tyrosine 0.04 0.04 0.06 0.13 
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Valine 0.05 0.02 0.06 0.06 
Total 1.9 1.1 1.8 2.6 
data cited in the literature for A.senegal and A.seyal were 
hydroxyproline was the dominant amino acid Table.2.   
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CHAPTER 111 
Fractionation and molecular weight determination of 
some Acacia gums 
 
3.1 Introduction and review: 
 
3.1.1 Hydrophobic interaction chromatography: 
The term hydrophobic interaction chromatography was 
introduced by Hjerten, 1973, to describe salt-mediated 
separation of proteins on weakly- hydrophobic carbohydrate-
gel matrices. The first chromatographic separation 
utilizing this type of interaction, in which hydrophobic 
ligands are attached to agarose gels, was  performed in 
early 1970s (Zaidenzaig 1972, and Shaltiel 1973), during 
this period, soft gels in open columns at low pressure were 
widely used for the purification of many different types of 
proteins.  In 1983 Kato et al. Reported the first 
stationary phase designed for use with high performance 
HIC.  Since then, a number of stationary phases have been 
developed. Most of these packing materials are silica-based 
with a polymeric bonded-phase that offers high stability.  
More recently, polymer-based supports have also been 
developed that provide greater chemical stability over a 
wide pH range ( Laszlo Szepesy and Geza Rippel, 1992). 
Early fractionation methods used for gum arabic 
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 fractionation included precipitation by sodium sulphate or 
n-propyl alcohol, and semi-preparative gel permeation 
chromatography. 
 Vandevelde and Fenyo (1985) showed that gum Arabic 
consists of two fractions: one which constitutes the 
majority of the gum, has little protein, whilst  
 
 
the second is a glycoprotein, subsequently, Randall et 
al. (1988,1989) fractionated  
gum arabic using hydrophobic chromatography on phenyl 
sepharose into three distinct fractions. Fraction 1, which 
does not adsorb to the phenyl sepharose and passes straight 
through the column, does not contributes any significant 
emulsifying activity (arabinogalactan) fraction 2 
(arabinogalactan- protein complex) and fraction 3 
represents only 12.4g per kg of the total gum glycoprotein 
which is suspected to be the most important contributor 
towards the gum emulsifying properties (Randall et al , 
1988,1989).   
Recently, Qi et al (1991) have shown that the gum 
arabic glycoprotein is composed of a core rod-like protein 
with a highly repetitive amino acid sequence, with small 
polysaccharide substituents which maximize intra-molecular 
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 hydrogen bonds. the carbohydrate substituents are linked to 
hydroxyproline residues in the core protein, and the whole 
molecule is believed to form a ‘hairy  twisted rope’. 
Underwood and Cheetham, 1994, used hydrophobic 
interaction chromatography technique to fractionate gum 
talha using phenyl sepharose Cl-4B  into a range of 
components, similar to those previously reported for gum 
arabic. In particulate two fractions with emulsifying 
properties were eluted from the column with water.  A 
detailed assessment of the emulsifying activities of the 
gum talha fractions demonstrated that it is the second of 
these components eluted with water that has the highest 
emulsifying activity and emulsion stabilizing properties 
Table. 9.  
Fig 2  Twisted hairy rope structure of Gum arabic It 
is noteworthy that  
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neither A.polyacantha nor A.laeta have been subjected 
to HIC method of fractionation before this study. 
3.1.2  Gel permeation chromatography (GPC): 
Gel permeation chromatography is widely used to determine the molecular mass 
distribution of macromolecules.Gel permission chromatography (GPC), coupled to main 
on-line absolute  
molecular weight determining device (such as a laser 
light scattering photometer) and a concentration sensitive 
detector (such as refractive index or ultraviolet) are 
currently the best available techniques for the quick and 
absolute determination of polymers molecular weights and 
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 their distribution. The light scattering detector utilizes 
the principle that the intensity of light scattered 
elastically by a molecule is directly proportional to the 
molecular weight (mass detector). By using the refractive 
index detector (connected directly after the light 
scattering) it was possible to measure the molecular weight 
of each fraction as it elutes from the GPC column. In 
addition, the use of an ultraviolet  (UV) detector at 214 
nm, which (specifically) shows the amount of protein in 
fractionated material is also possible. 
The typical elution behavior of gum arabic after being 
separated by GPC is as follows: 
1- the light scattering response shows two distinctive 
peaks. The first peak has a high response since it 
corresponds to the high molecular weight material (AGP) 
content. The second peak is broader with lower response and 
it accounts for the rest of the gum (90%). 
2- the refractive index (RI) response also shows two 
peaks but the response is opposite to that in light 
scattering. This is because it is a concentration detector 
and since the AGP is only 10% of the total gum its peaks is 
smaller than that of the AG and GP. 
3- the UV response shows three peaks. The first peak is for 
AGP, which has the protein core, and the carbohydrate 
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 attached to it. The second peak appears as a shoulder 
immediately after the AGP and corresponds to the AG.  
Finally the third peak elutes just before the total volume 
and it corresponds to the GP. The GP peak is not detected 
on the light scattering (mass detector since it has low 
molecular weight. Also it can not be seen on the refractive 
index (concentration detector). 
 AGP could be degraded by proteolytic enzymes, to give 
molecules with molecular mass similar to the bulk of the 
gum, and hence, it has been suggested that this fraction 
has a Wattle-blossom structure.  Where, approximately, five 
blocks of carbohydrate are attached to a common polypeptide 
chain (Connolly et al 1988, Osman et al 1993).  Qi et al, 
1991 isolated the molecular species corresponding to AGP by 
GPC fractionation, and following hydrogen fluride - 
deglycosylation, they concluded that the polypeptide chain 
consisted of ca 400 amino acid residues with a simple 
empirical formula [Hyp4, Ser2, Thr,Pro, Gly, Leu, His]. 
This finding was also consistent with Williams et al, 2000 
findings. Qi suggested that the molecules were rod-like and 
resembled a twisted hairy rope with small blocks of 
polysaccharide ca 30 residues attached to the peptide 
chain. 
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 3.1.3  Molecular  weight determination: 
Molecular weights of A.senegal show wide variation, 
which can be mainly attributed to the method used for the 
determination and the heterogeneity of samples (Glicksman 
and Sand 1973). 
The number average molecular weight and the weight 
average molecular weight obtained for gum arabic 
(A.senegal) by different methods were reported in 
literature as followed: 
The number average molecular weight by osmometry is 
reported to be around 200,000 (Oakley,1935,1936,1937) . 
Molecular weight of 300,000 was reported by Saverborn 
1944 using ultra-centrifugal  methods. 
Using light scattering technique large values of 
weight average molecular weight were obtained. Veis and 
Eggenberger, 1954 reported a Mw =1.0x106, Mukherjee and Deb 
1962 reported Mw up to 580,000 , Vandevelde and Fenyo 1985 
reported a the value of 4.0x105 to 2.2x106, Swenson et al 
1968 reported Mw = 365,000 .   
Recently, GPC coupled on-line to multi-angle laser 
light scattering (MALLS) has been demonstrated to be a very 
powerful method for characterization of highly polydisperse 
polymer system, and the Mw of A.senegal was reported to be 
equivalent to  540 000 (Picton ,et al. 2000). 
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 Table 10.  Fractions obtained by hydrophobic interaction 
chromatography of  
A.senegal and A.seyal. 
Fraction % of 
total 
Protein Protein related 
to the total 
protein % 
Fractio
n 1 
88.4 0.35 20.1 
Fractio
n 2 
10.4 11.8 49.5 
Fractio
n3 
1.24 50 27 
Fractio
n 1 
93.7 0.6 68.9 
Fractio
n 2 
2.4 4.0 11.8 
Fractio
n3 
1.4 11.3 19.4 
    Randall, 1988,1989; Underwood, 1994 
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The weight average molecular weight for A.polyacantha, 
A.seyal and A.laeta  using the GPC-MALLS were reported to 
be 2.94x105-6.85x105,4.61x105-1.16x106 and3.17x105-6.38x105 
respectively (AlAssaf.2001) Table.10.  
The most recent E 414 specification of the European 
Commission 1998, has now re-focused attention on the 
problem of molecular weight, since it has included in the 
product definition, the requirement that the “ molecular 
weight should be approximately 350,000.  
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Table.11  The molecular weight and mass recovery of 
some Acacia gums. 
Acacia gum MW Mass% 
A.senegal 2.09+0.09X105 
5.99+0.34X105 
89 
97 
A.seyal 1.06+0.03X106 
9.97+0.29X105 
98 
100 
A.polycanth
a 
2.94+0.14X105 
6.85+0.2X105 
91.4 
84 
 Alaeta 3.17+0.08X105 
6.38+0.15X105 
103 
102 
Unpublished data( Alassaf,2001) 
 
 
 
 
 
 
 
 
 
 
 
67
  
 
 
 
3.2. Materials and methods: 
3.2.1  Hydrophobic interaction chromatography (HIC): 
The HIC method using phenyl sepharose was described by 
Randall et al. (1989). The only modification made in this 
study for this method was the use of Phenyl agarose gel 
instead of phenyl sepharose for its strong hydrophobic 
properties .  The gel was filtered through a sintered glass 
funnel (120micro mµ) and then thoroughly washed with water 
to remove the preservative (ethanol).  And finally suspend 
in 4.2mol.dm3.  The gel was loaded into a column (26x600mm) 
, washed several times with 4.2mol.dm3 NaCL and allowed to 
settle under gravity  for 24 hours the gum solutions (200cm3 
of 10 mg cm-3) NaCL were loaded into the column and eluted 
initially with 4.2mol dm-3 at a flow rate 1cm3min-1. The 
absorbency of the eluted fraction wads monitored by UV at 
A214 using a spectrophotometer (Hewlett Packard, USA). The 
gum was fractionated into three fractions the first 
fraction was eluted with 4.2 mol.dm-3  NaCL the second 
fraction which was desorbed using 2.0 mol.dm-3 NaCL and the 
last fraction was eluted with distilled water. The 
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 fractions collected were thoroughly dialyzed in distilled 
water until free of chloride ions and then freeze dried.  
3.2.2 GPC and molecular weight determination: 
3.2.2.1  Multi angles laser light scattering system 
(MALLS): 
The GPC system comprising a high precision HPLC pump 
(Water, U.S.A.), an injector (Rheodyne 7125 valve Rheodyne, 
UK), Sepharose 6 GPC column (Pharmacia, Sweden), MALLS 
detector (DAWN DSP, Wyatt Technology, USA ), RI detector 
(optilab dsp, Wyatt Technology, USA), UV detector (Pye 
Unicam, UK), and the software (Astra 4.5 for window , Wyatt 
Technology , USA)was arrangede. 
The system is switched on two hours to equilibrate 
before carrying any analysis. Gum samples were accurately 
weighed 0.020g in small vials to which 5 ml of 1m NaCl  
were then added . the vials were stoppered and kept on a 
roller shaker for two hours . 100 µL solution were injected 
into the GPC system via 0.045 µm, millipore, Waters UK), 
keeping the flow rate at 0.5 ml/ minute, at ambient 
temperature. The data generated were analyzed by software 
(Astra 4.5). 
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3.3 Results and discussions: 
3.3.1 Hydrophobic interaction chromatography: 
3.3.1.1  Elution profile and recovery % of the Acacia gums 
fractions: 
  Figure 2.  Show the elution profile or the HIC 
chromatogram for Acacia senegal var. senegal. The 
chromatogram exhibit the fraction number (x-axis) against 
the detector response (absorbence) using UV 
spectrophotometer (214nm). Fraction 1, which was eluted 
first, is the major fraction. It is the part of the gum 
that passed straight through the column without adsorption 
to the gel. The main peak also shows a number of sub peaks 
(minor peaks) which might represent a number of sub 
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 fractions. Fraction 2 and 3, which were the parts of the 
gum adsorbed into the gel eluted by 2.0mol .dm3 NaCl and 
distilled water respectively.  
The percentage recovery of the fractions were shown in 
Table.12.  For A.senegal (S16) F1 represented more than 92% 
of the total weight of the gum sample, whereas, F2 and F3 
represented 5% and 2.5% respectively. 
Figure 3 shows the elution profile of Acacia seyal var 
seyal (S3). Fraction 1, which was eluted with 4.2 mol.dm3, 
also exhibits a number of minor peaks, fraction 2 is 
represented by 2 peaks and fraction 3 by one peak.  
The percentage recovery of each fraction were shown in 
Table.12. The three fractions F1, F2, and F3 represented 
95%, 2 % and 3% of the total weight used respectively. 
Figure.5. show the fraction number against the UV 
absorbence (at 214nm) for Acacia.polyacantha gum solution 
(S14). The chromatogram also exhibits three 
  
Fig 3.   HIC fractionation profile of Acacia senegal var senegal 
(S16) at 280nm.
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Fig 6.   Fractionation profile of Acacia laeta(S15)  at 280nm.
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 fractions, fraction 1 with some minor peaks, fraction 2 
with two peaks and fraction 3 also show three peaks. 
  Table.11. show the percentage recovery for Fraction F1 
which is about 77%, F2 18% and F3  is approximately equal 
to 2.5%.  
Figure.5. Shows the elution profile for HIC 
fractionation at 214nm absorption of A.laeta (S15). 
Fraction 1 is represented by somewhat a clear peak compared 
with A.senegal, A.seyal and A.polycantha. 
Fraction 2 represented by one peak and fraction 3 by 
one large peak and a small peak. 
    Again the percentage recovery for this gum fractions 
was shown in Table. 11.  It is about 59%, 32% and 2.5% for 
fraction 2 and 3 respectively. 
Slight differences could be observed regarding the 
elution profiles of the four gums. These differences 
represented by the number and highs of sub-peaks in each 
fraction.  
The percentage recovery of A.senegal and A.seyal were 
approximately similar, while A.polyacantha gave lower 
recovery of Fraction 1 and higher recovery of fraction 2. 
A.laeta gave the lowest recovery for fraction one and the 
highest recovery for fraction 2.  Fraction 3 has the same 
recovery % for the four gums.    
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 3.3.2  Molecular weight determination of some Acacia gums: 
In view of the increasing recognition of the 
importance of molecular weight in product functionality, 
absolute method for the determination of molecular weight 
distribution has been developed to estimate the amount of 
high molecular weight (  
 
 
 
Table.12 The percentage recovery of the gum HIC 
fractions  
 
Gum F1 F2 F3 
A.senegal 92.95% 
 
5% 2.5% 
A.seyal 95% 
 
2 3% 
A.polycant
ha 
77% 18% 2.5% 
 
A.laeta 59.5% 
 
32.5% 2.5% 
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arabinogalactan protein, AGP) component which is now 
established as the component controlling the efficiency of 
emulsification and adhesion. 
The MALLS instrument was used in conjunction with 
refractive index detector  (optilab) which provides an 
accurate concentration profile for the eluting component, 
UV detector allows detection of the carbohydrate 
carboxylate groups and the proteinaceous components.   
Table.12. Show the weight average molecular weight of 
A.senegal S1, S2, S12, S13 and S16, A.seyal S3, A. 
polyacantha S4, S5 and S14, A.laeta S8, S9 and S15 and 
A.mellifera S10 and S11. The molecular weight was processed 
as one peak (the whole gum) two peaks (two fractions: peak 
1 corresponds to the AGP and peak 2 corresponds to the rest 
of the gum) and three peaks (three fractions peak 3 
corresponds to the GP). The Table also show the Mwt % (the 
recovered mass) for each gum. 
The weight average molecular weights of A.senegal S1, 
S2, S12 and S13 ranged from 3.79+X105 to 5.435X105.with the mass 
recovered ranged 106 to 118%.the AGP component was found to 
be in the range of 4 to 34% of the total gum with the 
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 molecular weight range of 9.312X105 to 2.02+.02X106.  The 
molecular weight range of A.senegal samples was a typical 
range reported in the literature, and the mass recovery of 
AGP component is high. This mean a good emulsifying 
property since this compound is responsible of this 
property in the gum. 
 
 
Table.13  The  molecular weight of some Acacia gums 
determined by GPC-MALLS. 
Sample 
name 
Mwt 
processed 
as one 
peak 
% 
Mwt 
Mwt 
processed 
as two 
peaks 
% 
Mwt 
Mwt 
processed 
as three 
peaks 
% 
Mwt 
S1 4.246X105+0
.08 
118 9.312X105+0.
15 
2.132X105+0.
06 
34 
84 
1.452X106+0.0
3 
5.42X105+0.05 
2.102X105+0.0
6 
14 
20 
83 
S2 5.435X105+0
.17 
 
106 1.86X106+0.0
5 
3.56X105+0.1
2 
13 
93 
 
 
 
 
 
S3 1.592X106+0
.02 
117 3.323X106+.0
.3 
8.277X105+0.
09 
35 
81 
  
S4 4.165x105+0
.09 
114 3.629x106+0.
13 
3.047x105+0.
05 
3.8 
110 
3.629x106+0.1
3 
7.566x105+0.0
7 
1.857x105+0.0
5 
3.8 
22.9 
87 
S5 7.346x105+0
.9 
106 4.779x106+0.
06 
3.531x105+0.
04 
9 
97 
 
 
 
S9 7.871x105+0
.09 
111 2.53x106+0.0
4 
4.167x105+0.
04 
19 
92 
  
S10 7.706x105+0 116 3.553x106+0. 10 3.553x106+0.0 10 
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.17 17 
4.807x105+0.
10 
105 8 
6.221x105+0.0
7 
1.725x105+0.1
5 
71 
33 
S11 1.96X106+.0
54 
105 4.82x106+.16 
7.66X105 
+0.09 
31 
74 
1.04x108+.12 
3.76x106+.03 
7.6x105+.09 
0.329
8 
31 
74 
S12 3.79X105+.0
6 
110 1.9X106+.05 
3.09X105+0.0
4 
4 
105 
  
S13 5.4X105+.07 109 2.02X106+.02 
3.68X105+0.0
5 
 
11 
97 
  
S14 4.65X105+.1
2 
115 3.4X106+.166 
3.53X105+.06 
4 
111 
3.4X106+.17 
8.4X105+.07 
1.86X105+.06 
4 
28 
83 
S15 1.3X106+.03 108 3.3X106+.08 
6.8X105+.18 
25 
83 
  
S16 5.91X105+0.
09 
112 2.57X106+0.0
4 
3.65X105+0.1
0 
11 
100 
  
The weight average molecular weight for A.seyal whole 
gum S3 was found to be 1.592X106, and the AGP component was 
35% of the whole gum and its weight average molecular 
weight is 3.323X106. 
 Table .12  Also show the weight average molecular 
weights of A.polyacantha S4,S5 and S14 which fall within 
the range of 4.165x105 to 7.346x105 and the AGP components were 
found to be 3.8, 9 and 4% respectively where as the weight 
average molecular weight for the AGP components were 
3.629x106, 4.779x106 and 1.66X106 respectively. 
77
  The weight average molecular weights for A.laeta S9 
and S15 were calculated as 7.871x105 and 1.3+.03X106 
respectively.  The AGP components were also calculated as 
19 and 25% where as the weight average molecular weight for 
the AGPs were found to be 2.53x106 and3.3+.08X106 for S9 and 
S15 respectively. 
  Table.12. also show the weight average molecular 
weights of A.mellifera S10 and S11 which were determined as  
7.706x105 and 1.96+.054x106 respectively, and the AGP 
components for the two samples were determined as 10 and 
31% with the weight average molecular weights of  3.553x106 
and 4.82+.16x106. 
  The results illustrated that molecular weights of 
A.senegal show wide variation, which can be mainly 
attributed to the method used for the determination and the 
heterogeneity of samples (Glicksman and Sand 1973.). 
The molecular weight range of A.senegal was in 
consistence with the typical range reported in the 
literature (Veis and Eggenberger 1954,Picton 2000 and 
AlAssaf 2001), and the mass recovery of AGP component is 
high this mean a good emulsifying qualities (up to 34% of 
the total gum) 
The molecular weight of A.seyal was high compared with 
A.senegal and the AGP component was also high (about 35%). 
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 The molecular weight of A.polyacantha falls with in 
the range of A.senegal gum and the AGP recovery was very 
small, therefore, the emulsifying properties of 
A.polyacantha was not good as A.senegal and A.seyal.. 
The molecular weight ranges of A.laeta and A.mellifera 
show wide variations ranging from the molecular weight of 
A.senegal gum to the range of A.seyal gum. And the 
percentage of AGP was less than that of the two gums but 
better than for A.polyacantha. Therefore, the five gums 
could asendingly arrange in term of their emulsifying 
properties according to the percentage of the AGP component 
as follows: 
A.seyal – A.senegal – A.mellifera-A.laeta and 
A.polyacantha 
Also the five Acacia gums could be arranged in term of 
their molecular weight from the higher to the lower one as 
follow: 
A.seyal – A.mellifera – A.laeta – A.polyacantha – and 
A.senegal. 
Neither A.mellifera nor A.seyal molecular weight 
ranges complied with the molecular weight value reported by 
the European Commission, (350,000).  
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3.3 3  Molecular weight distribution of Acacia gums: 
The molecular weight distributions of the Acacia gum 
samples under invertigation were as shown in Figs. 6-15. 
  The figures show the profile of each gum as monitored 
by light scattering (red line) reflecting the molecular 
weight, UV detector detecting the protein (green line) and 
RI detector indicating the concentration of each fraction. 
  GPC elution profiles and molecular weight 
distributions of A.senegal S1, S12 and S13 were shown in 
Fig.6, 7, and 8 respectively. The different samples were 
not showing the same pattern, where S1 and S13 showed the 
typical pattern of A.senegal as reported by Williams, 2000, 
S12 is different i.e. peak1 showing a low UV response 
compared with peak2.   
 Fig. 10 and 11 show the molecular weight distribution 
of A.mellifera S10 and S11 respectively. The light 
scattering response represented only two peaks, whereas, 
the other two detectors, UV and RI show more than two 
peaks. The high molecular weight fraction 1 appear in a low 
concentration and a low UV response, the second peak of low  
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Light scattering detector (Red line), RI detector (Blue line), and UV detector (Green 
Fig  7.   Molecular weight distribution of A.senegal (S1). 
Fig 8.   Molecular weight distribution of A.senegal (S12). 
Fig 9.   Molecular weight distribution of A.senegal (S13). 
Fig 11.   Molecular weight distribution of A.mellifera (S10). 
Fig 12.   Molecular weight istribu ion of A.mellifera (S11). 
Fig 10.   Molecular weight distribution of A.seyal (S3). 
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light scattering response, fraction2, showed a high 
concentration RI and a high UV 
 Fig.12, 13 and14 showed the molecular weight distribution 
of A.polyacantha S4 and S5, and S14, the three samples had 
more or less, the same distribution, although, the scale in 
the figures was so different S5 showed a high detectors 
response than S4.  The light scattering response in S5 show 
a one clear peak, whereas, S4 has large peak and two small 
one, the UV and RI detectors show more than three peaks.  
The two samples have a clear high light scattering response 
,peak one, with low concentration and low UV response.  
Peak 2 reflecting a high concentration of the material, low 
molecular weight and a high protein content. 
  The molecular weight distributions of A.laeta (S8and 
S9) were shown in Figures.15 and 16 respectively. As it was 
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 illustrated the two samples showed, relatively the same 
distribution represented by a clear peak of high molecular 
weight and high protein content and a second peak of high 
concentration material of low molecular weight and a low 
protein content. 
Fig.33 showed the differential weight fraction and the 
molar mass for the four acacia gums S16, S3, S14, and S15, 
The figures that each of the four gums samples consist of 
two molecular component.  S3 and S15 showed more or less 
the same pattern, in contrast, the same thing could be said 
for S14 and S16.  In S3 and S 15 the high molecular weight 
component were the high weight fraction, whereas, in S16 
and S14 the high molecular components were the low weight 
fraction.  The second components for S16 and S14 were of 
high weight fraction and low molar mass compared to S3 and 
S15. 
 
 
 
 
3.3.4 Characterization of the fractions: 
3.3.4.1 Nitrogen contents: 
Table 13 show the nitrogen contents of HIC fraction 
1,2, and 3 of A.senegal (S16), A.seyal (S3), A.polyacantha 
83
 (S14) and A.laeta (S15).  The nitrogen content of F1, F2, 
and F3 for A.senegal,A.seyal,A.polyacantha and A.laeta. The 
results were in agreement with the results obtained by 
Williams (2000) and Osman (1993) for A.senegal and A.seyal,  
and in consistence with the UV elution profile at 214nm.  
For A.polyacantha the nitrogen content of F2 was the 
highestfor all gums. 
3.3.4.2  Molecular weight and molecular weight 
distribution: 
 The molecular weight of A.senegal, A.seyal, 
A.polyacantha, and A.laeta and their HIC fractions were 
shown in Tables. 14, 15, 16 and 17. 
A.seyal and A.laeta fractions had the highest 
molecular weight values when processed as one peak whereas, 
A.polyacantha fractions had the lowest values, for 
A.senegal F1 had higher molecular weight compared with F2 
and F3 . 
A.polyacantha F1, F2 and F3, A.laeta F2 and F3 , 
A.seyal F3 A.senegal F3 could be processed as three peaks. 
This indicated the polydispersity of those fractions 
(Osman, 1992). 
3.3.4.3  Molecular weight distribution of HIC fractions: 
The molecular weight distributions of the four gum 
types and their HIC fractions were shown in Fig.17-28. 
84
 The figures show the profile of each gum and its 
fractions. All fractions are seen to be polydisperse, 
containing species of two or more molecular weight sizes. 
 
 
 
 
 
 
 
 
 
Table13   The percentage nitrogen contents of HIC 
fractions. 
Fraction F1 F2 F3 
A.senegal 
(S16) 
0.196 3.5 7.56 
A.seyal (S3) 0.154 2.24 2.52 
A.polyacantha 
(S14) 
0.182 7.28 4.2 
A.laeta (S15) 0.462 2.8 nd 
                nd=.not determined. 
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Table. 15 Molecular weights of F1, F2, and F3 A.senegal gum 
(S16) processed as one peak, two peaks, and three peaks. 
Fraction 
(S16) 
MW as one 
peak 
MW% MW as two 
peaks 
MW % MW as three 
peaks 
MW% 
S16 5.91X105+0.09 112 2.57X106+0.04 
3.65X105+0.10 
11 
100 
  
F1 4.34X105+0.13 116 1.42X106+0.04 
2.91X105+0.09 
14.55 
102 
  
F2 1..55X106+0.0
5 
113 1.84X106+0.06 
2.39X105+0.26 
92.6 
19.8 
  
F3 1.49X106+0.05 116 4.13X106+0.12 
1.94X105+0.16 
38.6 
78.3 
4.13X106+0.12 
5.23X105+0.26 
6.08X104+1.20 
38.6 
22.6 
55.5 
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 Table. 16  Molecular weights of  F1, F2, and F3 A.seyal gum 
(S3) processed as one peak, two peaks, and three peaks. 
 
Fraction MW as one 
peak 
MW% MW as two 
peaks 
MW % MW as three 
peaks 
MW% 
S3 1.592X106 117 3.323X106 
8.277X105 
35 
81 
 
  
F1 1.49x106+0.03 118 2.47X106 
7.83X105 
50.2 
68.3 
  
F2 1.53x106+0.04 111 2.36x106+0.06 
3.56x105+0.12 
65.4 
46.6 
  
F3 1.86x106+0
.06 
100 3.39x106+0.06 
7.87x104+1.6 
54 
46.3 
6.24x106+0.18 
3.56x105+04 
8.25x104+1.61 
 
23.9 
29.9 
46.3 
 
Table.17  Molecular weights of  F1, F2, and F3 A.polycantha 
gum (S14) processed as one peak, two peaks, and three 
peaks. 
Fraction MW as one 
peak 
MW% MW as two 
peaks 
MW % MW as three 
peaks 
MW% 
S14 4.65+.12X1
05 
115 3.4+.166X1
06 
3.53+.06X1
05 
4 
111 
3.4+.17X106 
8.4+.07X105 
1.86+.06X10
5 
4 
28 
83 
F1 3.81X105+0.17 116 8.54X105+0.35 
1.59X105+0.08 
36.6 
80.5 
2.57X106+0.13 
7.41X105+0.29 
1.59X10 5+0.08 
2.32 
34.3 
80.5 
F2 9.59X105+0.53 116 5.91X106+0.39 
4.36X105+0.16 
10.6 
101 
5.66X106+0.37 
6.4X105+0.22 
1.96X105+0.09 
11.2 
52.2 
48.2 
F3 6.92X105+0.31 95.5 3.83X106+0.15 
3.39X105+0.17 
8.69 
86.8 
3.83X106+0.15 
4.95X105+0.2 
8.69 
51.6 
87
 3.53X104+35.2 35.2 
 
Table.18  Molecular weights of  F1, F2, and F3 A.laeta gum 
(S15) processed as one peak, two peaks, and three peaks. 
Fraction MW as one 
peak 
MW% MW as two 
peaks 
MW % MW as three 
peaks 
MW% 
S15 1.3+.03X106 108 3.3+.08X10 6 
6.8+.18X10 5 
25 
83 
  
F1 1.14X106+0.17 122 2.23X106+0.07 
6.95X105+0.26 
33.3 
88.3 
  
F2 1.65X106+.04 102 3.66X106+0.17 
7.57X105+0.24 
27.6 
83.3 
3.66X106+0.1 
1.24X106+0.03 
3.13X105+0.16 
28.8 
39.8 
44 
F3 1.81X106+0.31 95.5 5.9X106+0.15 
6.73X105+0.17 
 
33 
29.4 
5.9X106+0.17 
1.55X105+0.04 
1.27X105+0.13 
21 
28.6 
48.0 
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Fig 13.  Molecular weight distribution of A.polyacantha (S4). 
Fig 15.   Molecular weight distribution of A.polyacantha (S14). 4 5). 
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Looking at S16 F1 profile three peaks can be observed 
for UV and RI, and only two peaks for light scattering 
line, peak one corresponding to the high molecular weight, 
high protein materials and low concentration.   The high 
concentration of the low molecular weight materials 
corresponding to peak 2 had the highest protein content. UV 
and RI detectors showed a third peak of low concentration 
and low protein content which was not detected by the light 
scattering detector Fig 17. 
Figure.18 showed the molecular weight distribution of 
S16F2. The high molecular weight, high protein 
corresponding to peak1 was present in high concentration, 
peak 2 reflected a low concentration, high protein, and 
very low molecular weight materials, RI detector showed a 
third very small peak. 
The molecular weight distribution of S16F3 was shown 
in fig.19 the light scattering detector showed one peak l 
of high molecular weight and the UV detector showed  a low 
response i.e. low protein content and the material was 
present in low concentration, whereas, the UV and RI 
detectors showed three or four peaks, very low 
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 concentration and low protein corresponds to peak 2 and a 
high concentration high protein corresponds to peak three. 
 
 
Fig 16.   Molecular weight distribution of A.laeta (S8). 
Fig 17.   Molecular weight distribution of A.laeta (S9). 
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 The GPC elution profile showed the molecular weight 
distribution of A.seyal var seyal (S3) was given in fig.9 
the main peak 1 represents the high molecular weight, high 
protein material which was present in high concentration as 
shown by the light scattering, UV, and RI detectors 
respectively. The UV and RI detectors also showed a second 
peak 2 of low concentration and low protein contents. 
Fig.20  showed  the GPC elution profile and molecular 
weight distribution of HIC S3F1,  the profile, to some 
extent, similar to the whole gum profile which was 
represented by main peak of high molecular weight, high 
concentration and high protein content, and small peak of 
low concentration and low protein contents. The only 
difference is that there is a small shift of the second 
peak to ward high volume. 
S3 F2 and S3 F3 molecular weight distributions were 
shown in Fig.21 and Fig.22 peak one in the two figures is 
observed to shift to high scale of molecular weight, 
concentration compared with S3 F1 but the protein content 
was low. The two figures also show two peak 2 and 3, the 
difference between them was that peak2 inS3 F2 show a high 
concentration and high protein content compared with S3 F3 
and the opposite could be said for peak3 in the two 
figures. 
92
  
Fig 18.   Molecular weight distribution of F1 A.senegal (S16). 
Fig 19.   Molecular weight distribution of F2 A.senegal (S16). 
Fig  20.  Molecular weight distribution of F3 A.senegal (S16). 
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 Comparing the pattern of GPC profile for the HIC 
fractions of A.senegal and A.seyal, the fractions of the 
two gums show the same pattern. The only difference was 
that, the molecular weight of peak 1 in A.senegal F1 was 
higher than the molecular weight of F2, and the molecular  
weight of F2 was higher than the molecular weight of 
F3. In contrast, the molecular weight of peak1 of A.seyal 
F1 was lower than that of F2 and F3 for the same gum.    
The patterns of IR and UV  for the HIC fractions for 
the two gums A.senegal and A.seyal was in consistence with 
the pattern reported by Williams, (2000). 
The GPC profiles, which show the molecular mass 
distributions for A.polyacantha and its HIC fractions were, 
somewhat, complicated compared with A.senegal.  Light 
scattering detector show more than one peak and UV and RI 
rs show more than three peaks, this observation was clearly 
illustrasted the whole gum samples of S4 (Fig.11), S5 
(Fig.12), S14 (Fig.13) and the HIC fractions of S14 (Figs. 
23, 24 and 25).  Also show a very low responds where shown 
compared to other gums i.e. the scale ranging from 0 to 
2.2.   peak 1 in S14, S14 F1, S14 F2 and S14 F3  show a low 
concentration materials with low protein content, whereas, 
peak 2 shows a highly proteinaceus materials of high 
94
 concentration, the RI show another peak of no protein in 
S15 F2 and two peaks inS14 F3 of high protein composition. 
GPC elution profiles of A.laeta S8 and S9 (Fig.15 
and16) and the HIC fractions of S15 (Fig. 26, 27, and 28) 
were to some extent similar to that of A.seyal with some 
difference in the concentration of the material in peak 2 
in the whole gum (S8 and S9).  
Fig.30 show the differential weight distribution of 
A.seyal (S3) and its HIC fractions.   It is clear that 
fraction 1 was corresponds to the whole gum, the high molar 
mass component of F2 had the highest differential weight 
fraction, on the contrary, F2 and F3 show a second weight 
fraction of low molar mass.  The same thing could be said 
for A.senegal and its HIC fractions Fig.29.  The 
differences were that in the whole gum and F1 the high 
molar mass components were of low differential weight 
fraction, and the second components were of low molar mass 
compared with A.seyal. 
A.laeta S15 and its HIC fraction generally behave like 
A.senegal and A.seyal  the difference was that all the 
molar mass components distributed between 1.0x107 and 
1.0x105 only ,no components fall beyond 1.0x105 was observed 
in the two gums (Fig.32) 
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Fig  21.  Molecular weight distribution of F1 A.seyal (S3). 
Fig  22.   Molecular weight distribution of F2 A.seyal (S3). 
Fig 23.  Molecular weight distribution of F3 A.seyal (S3). 
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Fig 24.   Molecular weight distribution of F1 A.polyacantha (S14).
Fig 25.   Molecular weight distribution of F2 A.polyacantha (S14).
Fig 26.   Molecular weight distribution of F3 A.polyacantha (S14). 
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 The pattern was completely different in the case of 
A.polyacantha S14. F2 and F3 showed more 
than two components and the molar components 
distribution were more wide compared with 
the other gums (Fig.32). 
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Fig 27.   Molecular weight distribution of F1 A.laeta (S15). 
Fig 28.   Molecular weight distribution of F2 A.laeta (S15). 
Fig  29.   Molecular weight distribution of F3 A.laeta (S15). 
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Fig 27.   Molecular weight distribution of F1 A.laeta (S15). 
Fig 28.   Molecular weight distribution of F2 A.laeta (S15). 
Fig  29.   Molecular weight distribution of F3 A.laeta (S15). 
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Fig  33.   Differencial molecular weight distribution for A.laeta (S15) and its three HIC fractions 
Fig 32.  Differencial molecular weight distribution for A.polyacantha (S14) and its three HIC fractions 
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 3.3.4.4  Amino acid content of HIC fractions:  
Tables. 18, 19, 20  and 21    showed the amino acids 
contents of hydrophopic interaction chromatography 
fractions of A.senegal (S16), A.seyal (S3), A.polyacantha 
(S14), and A.laeta (S15) gum samples.  
    Table.18 shows the amino acids content of A.senegal 
fraction 1 were almost the same as for the whole gum sample 
except that some reduction in the serinevalue is observed, 
aspartic acid, hydroxy-proline and phenyl-alanine, and the 
total amino acid content was 1.2%.  the amino acids content 
of fraction 2 were greater than that of fraction with some 
reduction in phenyl-alanine content and the total amino 
acid content was 13.9%., most of the amino acid content was 
concentrated in fraction 3, the total amino acid content 
was found to be 31.9% also some reduction in the 
hydroxyproline was observed in fraction 3. These results 
were consistent with reported protein content of the sample 
and fractions. 
The amino acids profile of A.seyal (S3) and its HIC 
fractions were illustrated in Table19. Most of the amino 
acids contents were concentrated in fraction 2 (20.8%), 
then fraction 3 (5.5%) and little amino acid content was 
observed in fraction  
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 Table.19   The amino acids profile of A.senegal gum (S16) and its HIC fractions. 
 
Amino acids 
(%w/w)/sample 
Whole gum F1 F2 F3 
Alanine 0.11 0.06 0.82  2.42 
Arginine 0.04 0.01 0.16 1.27 
Aspartic acid 0.22 0.04 0.55 4.04 
Cystine 0.02 0.02 0.07 0.42 
Glutamic acid 0.11 0.08 1.82 2.88 
Glycine 0.10 0.06 0.90 1.30 
Histidine 0.12 0.12 0.40 0.98 
Hydroxyproline 0.19 0.13 1.25 1.06 
Isoleucine 0.04 0.03 0.26 0.74 
Leucine 0.16 0.11 1.52 3.52 
Lysine 0.09 0.11 0.82 2.32 
Methionine 0.16 0.01 0.05 0.10 
Phenylalanine 0.12 0.06 0.03 1.84 
Proline 0.12 0.08 1.33 2.23 
Serine 0.26 0.19 2.29 2.59 
Threonine 0.10 0.09 0.74 1.29 
Tyrosine 0.04 0.00 0.28 1.43 
Valine 0.05 0.01 0.59 1.54 
Total 1.9 1.2 13.9 31.9 
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Table.20  The amino acids profile of A.seyal (S3) gum and its HIC fractions. 
Amino acids 
(%w/w)/sample 
Whole gum F1 F2 F3 
Alanine 0.06 0.06 0.1.10  0.34 
Arginine 0.02 0.02 0.21 0.10 
Aspartic acid 0.14 0.22 2.70 0.65 
Cystine 0.02 0.02 0.12 0.07 
Glutamic acid 0.13 0.04 2.76 0.62 
Glycine 0.03 0.03 1.49 0.31 
Histidine 0.05 0.06 0.76 0.34 
Hydroxyproline 0.11 0.13 0.81 0.29 
Isoleucine 0.01 0.01 0.44 0.14 
Leucine 0.09 0.08 1.84 0.45 
Lysine 0.02 0.01 1.28 0.33 
Methionine 0.01 0.01 0.04 0.02 
Phenylalanine 0.04 0.03 1.82 0.07 
Proline 0.07 0.06 1.56 0.41 
Serine 0.22 0.17 1.92 0.47 
Threonine 0.04 0.04 0.72 0.26 
Tyrosine 0.04 0.03 0.37 0.23 
Valine 0.02 0.01 0.84 0.15 
Total 1.1 1.0 20.8 5.5 
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Table.21   The amino acids profile of A.polycantha (S14) gum and its HIC fractions. 
Amino acids 
(%w/w)/sample 
Whole gum F1 F2 F3 
Alanine 0.09 0.07 2.12  1.79 
Arginine 0.03 0.04 0.48 0.75 
Aspartic acid 0.024 0.11 3.03 4.09 
Cystine 0.0.02 0.02 0.14 0.30 
Glutamic acid 0.17 0.02 4.28 5.16 
Glycine 0.06 0.04 1.49 1.99 
Histidine 0.08 0.03 0.86 0.88 
Hydroxyproline 0.17 0.10 1.18 1.13 
Isoleucine 0.04 0.03 1.40 1.00 
Leucine 0.13 0.06 2.63 2.27 
Lysine 0.09 0.10 2.00 2.10 
Methionine 0.01 0.00 0.21 0.20 
Phenylalanine 0.15 0.03 3.43 0.08 
Proline 0.13 0.02 2.94 2.45 
Serine 0.21 0.11 2.32 2.20 
Threonine 0.08 0.06 1.27 1.39 
Tyrosine 0.06 0.05 1.27 1.58 
Valine 0.06 0.02 1.86 1.08 
Total 1.8 0.9 32.9 30.4 
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Table.22  The amino acids profile of A.laeta (S15) gum and its HIC fractions. 
Amino acids 
(%w/w)/sample 
Whole gum F1 F2 F3 
Alanine 0.14 0.14 0.97 1.77 
Arginine 0.05 0.02 0.15 0.92 
Aspartic acid 0.14 0.29 3.34 2.93 
Cystine 0.03 0.02 0.08 0.38 
Glutamic acid 0.27 0.25 2.80 2.40 
Glycine 0.10 0.14 0.82 1.60 
Histidine 0.14 0.13 0.60 0.93 
Hydroxyproline 0.31 0.28 1.02 1.03 
Isoleucine 0.08 0.05 0.26 0.61 
Leucine 0.21 0.19 1.24 2.96 
Lysine 0.10 0.06 1.64 2.16 
Methionine 0.01 0.61 0.07 0.10 
Phenylalanine 0.14 0.18 1.52 1.79 
Proline 0.18 0.18 1.36 1.83 
Serine 0.43 0.55 2.17 2.31 
Threonine 0.13 0.13 0.55 0.99 
Tyrosine 0.13 0.12 0.88 1.29 
Valine 0.06 0.08 0.73 1.34 
Total 2.26 0.28 20.2 27.3 
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1 (1.0%).  Which was almost the same amount present in the 
whole gum except some reduction the serine and glutamic 
acid content and an increase in the aspartic acid content. 
This results were not  consistent with the results already 
obtained by Underwood and Cheetham, 1994, who found that 
most of the protein content was concentrated in fraction 3 
and also inconsistency with the protein contents of 
different fractions obtained from A.seyal gum. 
  The amino acid content of A.polyacantha (S14) and its 
HIC fractions were shown in Table.20 fraction 2 (32.9%) had 
the highest amino acid content followed by fraction 3 
(30.4%) then fraction 1 (0.9%) which contain half the 
amount present in the whole gum (1.8%).  Most of the 
arginine glutamic acid and spartic acids were concentrated 
in fraction 3. 
 The amino acid content of A.laeta and its HIC 
fractions were illustrated in Table.21.  As it could be 
observed that fraction 3 (27.3%) had the highest amount of 
amino acids, followed by fraction 2(20.2%), and then 
fraction 1 (2.8%) which was almost the same amount present 
in the whole gum (2.6%). Looking to the individual amino 
acids content of fraction 1, some reduction was observed. 
In the values arginine, lysine, leusine and hydroxyproline 
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 and an increase in the values of serine and  aspartic acid 
contents was observed in comparing with the whole gum. 
(comparing fraction 2 with fraction 3 an increase in the 
individual amino acids was observed in fraction 3 except 
that were a reduction in the values of gultamic acid and 
aspartic acid were observed. 
To conclude it could be saidThe total amino acid 
content of A.senegal fractions and A.laeta followed the 
same pattern were most of the amino acids concentrated in 
fraction 3 followed by fraction 2 and then fraction 1 which 
was almost contained the same amount as the whole gum.  
A.seyal and A.polyacantha followed the same pattern were 
most of the amino acids content were concentrated in 
fraction2 followed by fraction 3 and then fraction1, and 
the amount of total amino acid content of fraction 1 
A.seyal was found to be half the amount present in the 
whole gum. 
3.3.4.5   Emulsifying properties of HIC fractions: 
3.3.4.5.1  A.senegal HIC fractions: 
 Fig.34 show the changes in the particle size 
distribution of fraction1 A.senegal (S16) gum solution with 
time. A loss in the peaks height with time is illustrated.  
No change in the particle size range is observed Up to two 
weeks. No changes were observed neither in the peaks  
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 heights nor the particle size distribution of A.senegal 
fraction 2 for fresh solution, one day or one week. While 
only slight increased in the peak height was observed after 
two weeks Fig.35. this indicate the stability of the 
emulsion made with A.senegal gum up to two weeks.  
Fig.36 illustrats the changes in the particle size 
distributions of A.senegal gum fraction 3 solution with 
time.   No change in the particle size was observed up to 
two weeks, only slight increased in the peaks heights were 
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 observed after one week and two weeks.  
 
3.3.4.5.2  A.seyal (S3) HIC fractions:  
Fig.37 showed the changes in the particle size 
distribution of 5% A.seyal fraction 1 with time. There was 
a loss in the peaks heights with time and no change in the 
particle size range was observed. 
Fraction 2 showed an increased in the peaks heights 
with time and no change in the particle size range up to 14 
days. Fig.38.  While fraction 3 behave differently where 
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 the peak height position of fresh solution was change after 
one day to coarser position and then shift to higher volume 
after two weeks (Fig39).  
3.3.4.5.3  A.polyacantha (S14) HIC fractions: 
Fig.40 show the changes in the particle size 
distribution of A.polyacantha fraction 1 gum solutions with 
time. No changes in the particle size ranges were observed, 
but slight shift toward upper position was observed after 
one week and two weeks. Also no changes were seen in the 
particle size distribution of A.polyacantha fraction 2 and 
3 (Fig41 and 42) through out the period of the study, only 
negligible shift of the peak height to upper position was 
observed after two weeks.   
3.3.4.5.4  A.laeta (S15) HIC fractions: 
 Fig.43 present the changes in the particle size 
distributions of A.laeta fraction1 gum solutions with time. 
As it could be reported that no changes in the particle 
size distribution after two weeks but there was a loss in 
the peaks heights after one day then the peaks heights 
remained the same after two weeks periods.  Also appearance 
of a second peak at coarser particle size was observed 
after one day, this continued  
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 after and two week periods, which was an indication of 
emulsion instability via droplet coalescence mechanism. 
  Fig.44 illustrat the changes in the particle size 
distribution of A.laeta fraction2 gum solution with time. 
No changes in the particle size ranges were observed 
through out the time of the study, but slight shift of the 
peak heights to wards upper position was observed after one 
and two week periods. The changes in the particle size 
distributions of A.laeta gum fraction 3 solution with time 
is illustrated in Fig.45.  Slight shift in the particle 
size range toward coarser particle size were observed after 
one day, stay stable the same position after on week and 
then shift towards coarser size again after two weeks. 
In all Acacia gums HIC fractions studied no important 
changes in the particle size ranges were observed through 
out two weeks of storage. Slight loss in the peaks heights 
with time were observed in fraction 1 of all the gums 
investigated.  And slight shift toward upper position of 
peaks height with time were observed for  fraction 2 and 
fraction 3 of all Acacia gums studied. Instability of the 
emulsions observed for fraction 1 of all types of the gums 
under investigation was presented by the process of droplet 
coalescence appearing as a second peak at coarser particle 
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 size. Fraction 2 and fraction 3 were more stable than 
fraction 1.    
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Chapter 1V 
 
 
Emulsification properties of some Acacia gums. 
 
4.1  Introduction and review: 
 
 Gum arabic is used to stabilize flavour oil 
emulsions in the dried food mixes (such as soups, 
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 cakes,…etc.,) and the soft drinks industry, where the gum 
is used to stabilize a concentrated oil emulsion 
(about 20%)for long periods and also to continue to 
stabilize following dilution prior to bottling  (Islam 
et al,1997).  
Although gum arabic is described in the 
literature as both an emulsifier and a stabilizer, its 
exact role in the formation and stabilization of oil –
in –water emulsions is not fully understood.  
An emulsifying agent, as the name implies, 
assists in the formation of an emulsion.  It is 
usually a long- chain organic compound that has 
protruding chains that are soluble in oil ( 
lipophilic) as well as side chains or groups that are 
soluble in water ( hydrophilic). Thus one portion of 
each molecule dissolves in the water phase while 
another portion dissolves in the oil phase, and the 
main chain forms a link or bridge to keep both phases 
in position and thereby emulsified. 
Some believes that gums are not true emulsifiers. 
That is, they do not act by means of hydrophilic-
lysophilic chemical functionality, they perform as 
emulsion stabilizers or protectors. Their function is 
essentially to increase the viscosity of the aqueous 
118
 phase by thickening it so that it approximates or slightly 
exceeds that of the oil. In this way the tendency of 
the dispersed phase to slip or coalesce is minimized, 
and the emulsion is, so to speak, stabilized. This 
stabilization is a protective effect based on 
thickening properties of the gums.   
Although, Acacia senegal had been subjected to 
intensive studies to investigate its emulsifying 
properties by so many authors, little or no work was 
done regarding other Acacia gums. 
Shotton and wibberly (1959),demonstrated that gum 
arabic was able to form thick viscoelastic films at 
the oil-water interface. 
Nakamura (1986), studied the relation between the 
emulsification properties and the molecular weight and 
reported that the surface rheology and the emulsion 
stability depended on molecular mass. 
Snowden et al. (1987), found that it is the high 
molecular mass protein rich fraction adsorbed onto 
polystyrene lattices, and the heat treatment , which 
denaturing the proteinaceous moieties of the gum led 
to reduction in the emulsification efficiency. 
Randall et al. (1988) studied the effect of heat 
on the emulsification action, stability of the gum and 
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 the GPC profile of the gum.  He concluded that heating at 
100c for up to 3 hours, results in a decrease in the 
intensity of the high molecular mass peak with a 
corresponding increase in the intensity of the lower 
molecular mass peaks. Continued heating leads to 
further loss of the high molecular mass fraction and a 
loss in the emulsifying stability of the gum. 
 Randall et al. (1989) showed that it was the 
high molecular mass omponent that adsorbed at the oil 
water interface. they postulated that, the more 
hydrophobic polypeptide chain adsorbed at the surface 
of the oil droplets, while the hydrophilic 
carbohydrate blocks attached to the chain protruded 
out into solution providing a strong barrier 
preventing droplet aggregation and coalescence. 
chikamai et al.(1993), reported that heating 
solutions  at 100oc for >6 hours caused significant 
loss of emulsification properties, whereas, heating at 
65oc for 24 hours has only a minor effect.  
Dickinson et al. (1988) studied the surface and 
emulsifying properties of six acacia gum samples.  
They concluded that there is no simple relationship 
between nitrogen content and emulsifying behaviour. 
The variability in the emulsifying properties of the 
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 gum samples, from different acacia species, is dependent 
not only on their total protein content, but also on 
the distribution of the protein/peptide between the 
low and high molecular-weight fractions, and on the 
molecular accessibility of the protein/ peptide for 
adsorption.  In 1990 they studied the time dependent 
droplet-size distribution for six acacia gums with 
different nitrogen contents. They concluded that the 
best emulsion stability was found with the two gum 
samples of the highest nitrogen content. 
Dickinson et al. (1991) studied the influence of 
the nature of the oil phase on the emulsifying 
behaviour of gum arabic and they found that the gum 
giving the most rapid lowering of the tension at the 
n-hexadecane–water interface also gives the most 
stable n-hexadecane-in-water emulsions as well as the 
smallest droplets with all three oils(n- hexadecane, 
D-limonene and orange oil).  
They also studied the effect of molecular weight 
of gum arabic on droplet–size distributions n- 
hexadecane-in-water emulsions. They concluded that a 
high molecular weight fraction (0.87%nitrogen) 
corresponding to 10% of a natural gum (0.38% nitrogen) 
gives initially slightly larger droplets but better 
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 emulsion stability than the low- molecular-weight fraction 
(0.35%N). 
Underwood and Cheetham, 1994, studied the 
emulsifying activities of A.seyal gum (talha).  
Fractions obtained by hydrophobic chromatography. They 
reported that it is the second of these components 
eluted with water that has the highest emulsifying 
activity and emulsion stabilizing properties and that, 
although, other components are less active they do 
contribute to the emulsification properties of the 
whole gum. 
McNamec et al. (1998), studied the emulsification 
and micro-encapsulation properties of gum arabic.  
They reported that the micro-encapsulation efficiency 
decreased from 100 to 48% when the oil/gum ratio was 
increased from 0.25 to 5, respectively, and the 
average particle size of the spray dried emulsions was 
within the range 9-17 µm. 
Hassan (2000) studied the emulsifying properties 
of A.seyal.var.seyal and he reported that the minimum 
droplet size was achieved at gum concentration of 30%. 
He also reported that at concentrations less than 9% 
no stable emulsions were produced, and that the 
droplet sizes of emulsion prepared using A.seyal are 
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 smaller compared to those produced using A.senegal keeping 
all the other conditions constant. 
In this chapter, comparative study of some 
emulsifying properties of Acacia senegal , Acacia 
seyal, Acacia polyacantha, Acacia laeta, and Acacia 
mellifera were carried out in term of the span, the 
specific surface area, turbidity measurements, the 
initial particle size distributions of fresh prepared 
solutions (emulsion capacity) and the change of 
particle size distribution with time ( emulsion 
stability) up to two weeks, and also the effect of 
concentrations (5%,10%,15% and 20%) on the emulsifying 
properties of  those gums were investigated. 
 
 
 
 
 
 
 
 
4.2  Materials and methods: 
4.2.1  Materials: 
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 -Details of gum samples used given in chapter 1  
(table3). 
-Analar grade D-limonene RI=1.52 was obtained from 
Sigma Chemicals. 
 -Saccharose acetate isobutyrate (SAIB) used as 
weighing agent was obtained from Eastman Chemicals, 
Hempstead, UK) 
-Bonzoic acid 
4.2.2  Methods: 
4.2.2.1  Emulsification procedure: 
 
A D- limonene stock solution was obtained by mixing D-
limonene and saccharose acetate isobutyrate (SAIB) in the 
ratio 1:1.  Gum samples were dissolved in 0.13% benzoic 
acid solution. 1.5 ml of gum solution were homogenized for 
2 minutes with 0.5 ml of D- limonene stock in a 15 ml Pyrex 
tube (13mm in diameter) using an Ultra –Turax T 25 (IKA, 
Staufen, Germany) equipped with the dispersion tool S25-N 
8G at 24000 U/min.  The emulsion obtained is transferred to 
a small vial for storage.  For measurement of the turbidity 
the emulsion was diluted 1000 fold in one step.  The UV 
profile of the diluted emulsions at 650 nm was observed 
using a Shimadzu UV 160A UV- visible recording 
spectrophotometer (Shimadzu). 
4.2.2.2  Drop size ( particle size)determination: 
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  The emulsion were diluted (about 2000 to 3000 fold 
depending on the actual droplet size) and measured using 
the Mastersizer 2000 (Malvem Instrument, UK), size range 
0.02-2000 um, equipped with a syringe for the injection of 
small sample volumes.  For the calculations of the droplet 
size a RI of 1.500 and an absorption of 0 were used.  The 
following parameters have been calculated for each 
emulsion: 
*Span10-90% = value for the broadness of the distribution, 
it is determined by: 
Span 10-90 %= d(0.9)-d(0.1) 
                            d(0.5) 
Where: 
d(0.9) = the particle diameter, which covers 90% of the 
particles. 
d(0.1) = the particle diameter, which covers 10% of the 
particles. 
d(0.5)= particle diameter which covers 50% of the 
particles. 
*Surface area 
* and the particle size distribution of each solution was 
obtained. 
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4.3  Results and discussions: 
4.3.1  Emulsifying capacity: 
The initial (fresh solution) particle size (droplet 
size) distribution is determined in terms of the position 
of the maximum in the size distribution function. 
 The emulsifying capacity of  A.senegal, A.seyal, 
A.polyacantha, A.laeta and A.mellifera gum solutions were 
studied at different concentrations (5, 10, 15, and 20). 
Table 23.  shows the specific surface area and the 
span measurements of fresh A.senegal gum solutions (S1, S2, 
S13 and S16) at different concentrations (5, 10, 15  and 
20%).   In all samples, the span and the surface areas 
increased with concentration up to 15%, then the two 
parameters valued suddenly decreased to nearly the values 
of the original concentration (5%) at 20%.  The surface 
area ranged from 0.77-1.2m2/g at 5%, 2.4-8.9m2/g at 10% 
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 concentration, 7.65-9.02m2/g at 15% concentration and 1.72-
2.34m2/g at 20% concentration. 
The surface area and the span measurements for A.seyal 
(S3) were shown in Table 24.  The surface area increased 
from 1.9 at 5% concentration to 8.77 m2/g at 10% then 
started to decrease to 7.73 m2/g at 15% and 3.15m2/g at 20% 
concentration.   
Table 25. Shows the surface area and the span 
measurements of A.polyacantha samples (S4, S5 and S14).  
The pattern was observed to be the same as A.seyal gum 
solutions where the surface area ranged increased from 
0.65-0.72m2/g at 5% concentration, to 7.8-9.9m2/g at 10%, 
then started to decreased to 7.35-9.5m2/g at 15% and 1.58-
1.9m2/g at 20% concentration.  
Table 23.     The specific surface area and the 
span measurements of fresh A.senegal  (S1, S2, 
S13 and S16) gum solutions at different 
concentrations. 
 
A.senegal  
(S1) 
Span (10%-90%) Surface area(m2/g)
5% 1.6 1.2195 
 
10% 2.3 2.41 
 
15% 2.1 8.58 
 
20%  1.727 
 
Asenegal 
(S2) 
  
5% 1.5 1.17 
 
10% 2.3 8.64 
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 15% 2.8 9.02  
20% 1.5 1.72 
 
A.senegal 
(S13) 
  
5% 1.0 0.767 
 
10% 2.4 8.9 
 
15% 2.0 8.3 
 
20% 0.9 2.37 
 
A.senegal 
(S16) 
  
5% 1.5 1.15 
 
10% 2.3 8.57 
 
15% 2.1 7.65 
 
20% 1.4 1.92 
 
 
 
 
 
 
 
 
 
Table 24.    The specific surface area and the 
span measurements of fresh A.seyal (S3) gum 
solutions at different concentrations. 
 
 
A.seyal 
(S3) 
Span (10%-90%) Surface 
area(m2/g) 
 
5% 1.2 1.9 
 
10% 3.0 8.77 
 
15% 2.3 7.73 
 
20% 1.2 3.15 
 
 
 
Table  25.    The specific surface area and the 
span measurements of fresh A.polyacantha (S4, S5, 
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 and S14 )gum solutions at different concentrations.  
A.polyacantha(S
4) 
Span (10%-90%) Surface 
area(m2/g) 
5% 0.9 0.726 
 
10% 3.9 9.98 
 
15% 3.5 9.5 
 
20% 1.5 1.64 
 
Apolyacantha(S5
) 
  
5% 0.9 0.715 
 
10% 2.5 7.85 
 
15% 1.5 7.77 
 
20% 1.5 1.58 
A.polyacantha 
(S14) 
  
5% .848 0.654 
 
10% 1.4 9.84 
 
15% 2.1 7.35 
 
20% 1.5 1.90 
 
 
 
The surface area and the span measurements for fresh 
A.laeta (S15) was shown in Table 26.  The main pattern was 
the same as other Acacia gums with an  increase in the 
surface area and the span measurements with concentration, 
followed by a reduction in values at higher concentrations. 
The difference was that the maximum value were not obtained 
at the same concentration in all samples studied it was at 
15% concentration in sample 8 and at 10% concentration in 
sample 15. 
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 Table 27.  Shows the surface area and the span 
measurement of A.mellifera (S10) at different 
concentrations. Also, there was increase in the surface 
area from 1.14m2/g at 5% concentration to 9.26m2/g at 10% 
concentration then a reduction to 8.16m2/g at 15% 
concentration to 2.4m2/g at 20% concentration.       
The results shown above indicate that for all gums 
studied, the emulsifying properties of 5 and 20% 
concentration are almost the same in all gums.  This fact 
was very important economically when the cost of the 
products is considered.  
Fig 47.  Shows the particle size distribution s of 5% 
Acacia gums fresh solutions. The particle size distribution 
of A.senegal and A.mellifera were not very different. They 
were both in the same range (1-30µm), while the ranges for 
A.seyal, A.laeta and A.polyacantha were found to be (2-
20µm), (3-20µm) and (3-20µm) respectively.   The position of 
the main peaks of the five gums could be ordered from the 
finest particle size to the coarser particle size as: 
A.senegal (6µm), A.mellifera and A.seyal (7µm), A.laeta and 
A.polyacantha (9µm).  Fig.48 illustrats the particle size 
distribution of 10% fresh solution for Acacia gums fresh. 
130
 A.senegal and A.laeta show the same particle size 
distribution (1-10µm),  
Table 26.    The specific surface area and the span measurements of  
A.laeta (S8, S9, and S15 ) gum fresh 
solutions at different concentrations. 
 
A.laeta (S8) Span (10%-
90%) 
Surface 
area(m2/g) 
 
5% 0.9 0.82 
 
10% 0.9 2.45 
 
15% 2.1 8.27 
 
20% 0.9 2.44 
 
A.laeta (S9)   
5% 0.9  
0.67 
10% 2.4  
8.85 
15% 2.3  
8.4 
20% 0.9  
2.4 
A.laeta (S15)   
5% 0.9 0.485 
 
10% 2.3 7.89 
 
15% 2.2 6.18 
 
20% 1.2 1.87 
 
 
Table 27.    The specific surface area and the span 
measurements at different concentrations of fresh 
A.mellifra (S10) gum solutions. 
 
A.mellifera 
(S10) 
Span (10%-
90%) 
Surface 
area(m2/g) 
 
5% 1.6 1.14 
 
10% 2.6 9.26 
 
15% 2.3 8.16 
 
20% 0.8 2.4 
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Fig 47.  Particle size distribution of 5%  Acacia gums fresh solutions 
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Fig.48  Particle size distribution of 10% Acacia  gums fresh solutions
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and as it could be seen A.seyal, A.polyacantha and 
A.mellifera show a coarser particle size compared with 
A.senegal and A.laeta. (0.5-50µm). 
The particle size distributions of fresh solution of 
Acacia gums at 15% concentration are shown in Fig 49. At 
this concentration the five acacia gums show more or less 
the same pattern of size distribution. The 10% distribution 
of A.polyacantha is less wider than the other gums and the 
position of peaks height were different, A.senegal and 
A.laeta show the highest peak height followed by 
A.mellifera, A.seyal and finally A.polyacantha. 
At 20% concentration of fresh Acacia gums solutions 
the emulsions gave more regular peaks as in the case of 
emulsions made with 5% gum concentration (Fig 50.).  
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 Differences in ranges of  distribution and peak height were 
observed for each gum.  Particle size distributions of 
A.senegal at 5% and 20% concentration remained relatively 
the same, some changes in the distribution pattern of other 
acacia gums were observed.  In the case of A.seyal the 
range of the particle diameter became narrower with some 
loss in peak height.  There is also  loss in peak height 
for A.polyacantha with a shift in peak position towards 
coarser particle size .  Peak height of A.laeta remained 
the same and the particle size range was small for 
A.mellifera there was increase in the peak height while the 
particle size became finer.   
4.3.2  Emulsifying stability: 
 Is the change in the particle size with time. The loss 
in the main peak height of the distribution function and 
the appearance of a second peak at larger particle diameter 
are indicative of the emulsion instability via droplet 
coalescence  
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Fig.49   Particle size disrtibution of 15% Acacia gums fresh 
solutions. 
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F ig   50.   P artic le  siz e d istribution  o f 20%  A cacia gum s fresh  
so lu tions
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 mechanism.  A gradual shift in the position of the main 
peak to larger particle size is an indication of the 
process of Ostwald ripening (Dickinson, 1986).  
 The emulsion stability of A.senegal, A.seyal, 
A.polyacantha, A.laeta, and A.mellifera gums solutions were 
determined at different concentrations (5.10,15 and 20%). 
The solutions were stored at room temperature the particle 
size distributions were measured after one day, one week 
and two weeks. 
4.3.2.1  One day aged solutions: 
  Fig.51 shows the particle size distribution of 5% 
Acacia gums one day aged solutions.  Some changes took 
place in the distribution pattern with time when compared 
with fresh solution. A.senegal ,A.polyacantha and 
A.mellifera peaks shift to finer particle size, while 
A.seyal and A.laeta  to somewhat, remained in their 
position. At 10% gum solutions there were some shift in the 
peak height to higher values in case of all gums. The 
particle size distribution ranges for Acacia.seyal and 
A.mellifera remained the same, but the ranges for A.senegal 
and A.laeta became more wider and that of A.polyacantha 
became wider and shifted towards finer particle size (Fig 
52).  At 15% gums concentrations the peak heights of all 
gums solution shifted to higher volumes, while the particle 
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 size range remained the same (Fig 53).  At 20% 
concentrations no changes were observed in the particle 
size range or in the peak height for A.senegal, A.laeta and 
A.mellifera,. The distribution range of A.seyal became more 
wider and the peak height shifted towards finer particle 
size, while the peak height for A.polyacantha shift toward 
coarser particle size. (Fig.54)   
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Fig.52   Particle siz e distribution of 10%  Acacia gums one day aged 
solutions.
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Fig 53.   Particle size distribution of 15% Acacia gums one 
day aged solutions
0
2
4
6
8
10
12
14
0.1 1 10 100
Particle size (    m)
vo
lu
m
e%
A.senegal
A.seyal
A.polyacantha
A.laeta
A.mellifera
Fig.54   Particle size distribution of 20% Acacia gums one day aged solutions
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 4.3.2.2  One week aged solutions: 
 Fig 55. Showed the particle size distribution of 5% 
Acacia gums after one-week aged. While no changes were 
observed in peak heights and particle size distributions 
for A.senegal, A.polyacantha and A.mellifera compared with 
the peaks of one day storage.  A.seyal and A.laeta peaks 
height shift to ward more fine particle, size while no 
changes in the peak height with regard to the volume %.  
Appearance of a second peak in a coarser particle size was 
observed in A.senegal and A.seyal gums solutions. This 
process was an indication of emulsion instability due to 
coalescence mechanism.  
 The particle size distributions of 10% Acacia gum one 
week aged solutions are illustrated in Fig.56 no changes 
were observed neither in the position of the peak heights 
nor the particle size ranges were observed when compared 
with one day solutions for all Acacia gums under 
investigation. 
The particle size distributions of 15% Acacia gums one 
week aged solutions are as shown in Fig 57.  While no 
changes were seen in the particle size distribution of 
A.senegal, A.seyal, A.laeta and A.mellifera, a great shift 
in the peak height of A.polyacantha was observed.  The 
coalescence of the droplet appeared in one day aged 
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 A.polyacantha solution disappeared for one week aged 
solution.  
Fig 58.  Shows the particle size distribution of 20% 
Acacia gum solutions (one  week aged). The peaks after one 
week are irregular and more than one peak appears for each 
gum type.  Also there is a loss in the peak heights and 
there was a shift in the particle size towards fine droplet 
size. 
 
 
Fig.55   Particle size distribution of 5% Acacia gums one week 
solutions
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Fig.56   Particle size distribution of 10% Acacia  gums solutions.
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ag e d  so lu tio n s
0
2
4
6
8
10
12
14
16
18
0.1 1 10 100
P artic le  siz e (   m)
Vo
lu
m
e%
A .s e n e g a l
A .s e y a l
A .p o ly a c a n th a
A .la e ta
A .m e llifra
Fig .58   P article  siz e  d istribution of 20%  A cacia gums one  we e k 
age d  solu tion
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 4.3.3  Two weeks age solution:     
 Fig 59 shows the particle size distribution of 5% 
Acacia gums two weeks old solutions. 
Comparing two weeks aged solutions with one-week old 
solutions no important changes are observed, peak heights 
and the particle size ranges remained roughly the same for 
each acacia gum type .i.e. At 5% concentration solutions 
are more stable after the first week. 
 The particle size distribution of 10% Acacia gums for 
two weeks aged solutions are illustrated in Fig 60.  No 
significant changes are observed when the solution measured 
after two weeks neither in the peak heights nor in the 
particle size ranges. 
Fig 61. Shows the particle size distribution of 15% 
Acacia gums two weeks aged solutions. The solutions were 
more or less stable when compared with one-week aged 
solutions. 
The particle size distribution of 20% Acacia gums of 
two weeks aged solutions are shown in Fig.62. When 
comparing two-weeks aged solutions some observationare 
obvious.  For A.senegal gum solutions a small shift of the 
peak height was observed. A.seyal gum peak shifted towards 
higher volume.  A.polyacantha was more stable than the 
other gums and a significant shift was observed.  For 
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 A.laeta peak height and peak position shifted towards fine 
particle size range. A similar minor shift toward fine 
droplet particle in the case of A.mellifera was observed.     
 
 
 
Fig.59   Particle size distribution of 5% Acacia gums two weeks 
aged solutions.
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Fig  60.   Particle size distribution of 10% Acacia gums two weeks aged 
solutions.
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Fig.61   Particle size distribution of 15%  Acacia gums two weeks 
aged solutions.
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Fig.62   Particle size distribution of 20% Acacia gums two weeks 
aged solutions.
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 4.3.3   Turbidity measurements: 
4.3.3.1   5% concentration: 
Fig 63.  Shows the turbidity measurements of 5% Acacia 
gum solutions with time for one to 14 days aged emulsions 
of A.senegal, A. seyal, A.polyacantha, A.laeta and 
A.mellifera.  The least absorbance was observed for 
A.polyacantha gum solution. The absorbance was about 0.1nm 
on the first day then decreased to about 0.05nm after 4 
days then the line steep linearly with slight decrease in 
the absorbence up to 14 days. For A.senegal and A.mellifera 
the lines interfered with each other, showing the same 
absorbance levels during the test period. They started from 
about 0.3nm then the absorbance decreased to about 0.04-
0.14nm.  for A.seyal the absorbance started from about 
0.2nm on the first day then decreased to 0 nm after 10nm 
days. As far as A.laeta was concerned the absorbence was 
about 0.16nm on the first day then decreased to 0.03nm 
after 14 days. 
4.3.3.2   15% concentration: 
Fig.64 shows variation of absorbance with time for 15% 
Acacia gum solutions  A.senegal, A.seyal, A.polyacantha, 
A.laeta and A.mellifera gums.  Again A.polyacantha show the 
least absorbance measurements (from about 0.25nm-0.12nm) 
after 14 days followed by A.seyal, A.senegal, A.mellifera 
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 and A.laeta.  A significant change in the absorbance was 
observed in the behaviour of A.laeta at 5% and 15% 
concentration were the absorbance increase from 0.15nm to 
0.7nm.    
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 4.3.3.3   20% concentration: 
 The turbidity measurements of 20% Acacia gum solutions 
with time is illustrated in Fig 65. A.polyacantha shows the 
least absorbance value followed by A.seyal, A.laeta, 
A.mellifera and then A.senegal. And all the gums started at 
very high absorbance values which remained the same after 
the fourth-fifth day to 14 days. 
At all concentrations A.polyacantha show the least 
absorbance measurment followed by A.seyal at 15 and 20% 
concentration and A.laeta at 5% concentration. There is an 
interferance  between A.senegal, A.laeta and A.mellifera at 
5 and 15% concentrations. At 20% concentration absorbance 
measurement are clear and the sequence from the highest 
absorbance to the least absorbance is in the order 
A.senegal, A.mellifera, A.laeta ,A.seyal and A.polyacantha. 
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Chapter V 
 
Rheological studies on some Acacia gums 
 
 
5.1  Introduction and review: 
 
Rheology is the science of the deformation and flow of 
matter. It is concerned with the response of materials to 
an applied mechanical force (stress). It is still regarded 
as a “messy” science, partly because of the lack of clear 
theory (Scott Blair, 1958.). 
A measurement of the rheological properties is 
essential for controlling and handling many polymeric 
materials and products. Flow behaviour parameters are 
useful in the definition and evaluation of the quality of 
the product (Khalaffalla and Roushdy, 1996). 
The rheological parameters gives information about the 
structure of the molecule, e.g the molecular size, the 
number of coils presents, the volume occupied by each coil 
and the space-occupancy. (Goycoolea et al. 1995), Studies 
have shown that non- Newtonian flow behavior occurs only 
when the polymer chains are long enough to entangle (Sabia, 
1964). The limiting viscosity number or intrinsic viscosity 
[η] is an index of the size of isolated polymer coils. The 
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 rheological properties of food systems are an indication, 
not only of their physical and functional properties, but 
more important, of their acceptability or desirability to 
the consumer (Glicksman, 1969).  
Two extreme types of deformation can be defined: 
VISCOUS (irreversible) where the applied stress produces 
deformation which changes with time, and the material does 
not revert to its original configuration when the stress is 
removed. The energy applied during an irreversible 
deformation is not recovered. ELASTIC (reversible) where 
the applied stress produces a finite deformation and the 
material revert to its original configuration when the 
stress is removed, the energy applied during reversible 
deformation is recovered. The majority of materials can be 
termed as VISCOELASTIC, i.e. they exhibit varying 
proportions of both types of  behaviour. 
Rheological behaviour of a material can be studied 
either by applying a known amount of stress to the sample 
and measuring the resultant movement-shear rate in the 
sample (controlled stress rheometer) or by applying a 
precisely measured strain and measure the stress developed 
in the sample (controlled strain rheometer). 
 Shear viscosity of a fluid is its resistance 
to movement induced by an applied force and is defined as 
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 the ratio of the applied stress (τ) to the shear rate (γ) 
and is given by: 
Shear viscosity:      
                                             η = τ/γ  [Pa.s] 
Shear stress: 
                     τ = F/A [Pa or N m-2] 
Shear rate (γ) with in the sample is the generated 
velocity gradient perpendicular to the applied force, and 
it depends on the geometry of the viscometer. For cone and 
plate geometry, the shear rate is constant across the gap 
and is calculated according to: 
Shear rate: 
             γ =Ω /θ [s-1] 
 Where Ω is the angular velocity (rad s-1) and θ is 
the cone angle(rad) 
For double concentric cylinder the shear rate is 
calculated: 
                                         γ = Ω∗r1 
                                      r2 –r1 
 
 where r1/r2 is the ratio of the inner and outer cylinder. 
For a Newtonian fluid the shear viscosity is 
independent of the shear rate (Fig.66), while non-Newtonian 
behavior shows that the viscosity of the solutions is not 
constant over all shear rates. 
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 In the power law region the η is mathematically 
described according to: 
                                              
                                   η= k.γn-1 
  
where k is the consistency index and n is the power law 
index. Both are constants and depend on the shear rate. 
   For a polymer solution, there are five possible 
stages, e.g. ideally diluted particle solution, semi-
diluted particle solution, semi-diluted network, 
concentrated particle solution and concentrated network 
(Kulicke et al.1991).  
According to the stage of the polymer solution the 
shear thinning can be explained by the break down of 
entanglements or the deformation and alignment of the 
molecules with the flow. The viscosity of polymer solutions 
at low shear rates show a Newtonian plateau as a result of 
the dynamic equilibrium(Fig 66.). Although the imposed 
deformation at this region, results in the breaking of 
entanglements that are formed in the same time. There is no 
enough time for relaxation. Therefore the overall solution 
Fig.66   Flow of 
Newtonian fluid
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g
Fig.67   Complete flow curve.
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g
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 viscosity stays the same. It is also called the ‘zero shear 
viscosity’. When the rate of the imposed deformation 
exceeds the rate of re-entanglements, there is not enough 
time for relaxation, the shear dependence of the viscosity 
occurs and the .viscosity decreases with increasing shear 
rate. At very high shear rates the existents of a second 
Newtonian plateau is observed. At this point no further 
structure break down is supposed to occur. However it is 
not possible yet, to reach this region experimentally 
(Fig.67).                                                                
5.1.2    Oscillation measurements: 
The response of solutions to the oscillatory shear can 
also be measured. The response to stress of the solution 
under investigation to a sinusoidally varying shear stress 
can be monitored as a function of frequency. In practical 
application, shear stress is applied as a periodic 
oscillation in contrast to the viscosity measurements where 
the deformation is applied at a constant shear stress. In 
this case the amplitude, i.e. the value of deformation, 
must be so small that the polymeric structure would not 
change. For a perfect solid (elastic), the applied shear 
stress is exactly in phase with the resultant shear strain 
wave and the ratio of the phase component to the applied 
shear stress is called storage modulus (G’).  As the energy 
152
 used in deforming a solid is stored and released again on 
removing the applied stress.   
For a perfect liquid the resultant strain is 90oout of 
phase to the applied stress. The ratio of the out of phase 
component to the applied shear stress is called the loss 
modulus (G’’), since the energy used in moving a liquid is 
transformed into heat and consequently lost when moving the 
applied shear. Flexible polymer solution usually show 
intermediate behavior with regard to the applied shear 
stress, i.e. the are viscoelastic.  
The parameters obtained are the complex modulus G*, 
and complex viscosity,η*, for dilute polymer solutions η* 
at low frequencies shows a large Newtonian plateau 
extending over a large range of the angular frequency, G’’ 
is greater than G’ and both are frequency dependent. This 
behavior is described as the viscous response, i.e. the 
energy is dissipated through the solution rather than 
stored. For more concentrated solutions at low frequencies 
the entanglements are broken but new entanglements are 
reformed within the same time scale of the oscillation. The 
energy added to the solution will be dissipated as a 
frictional heat as the molecules move relative to each 
other and this results in a viscous response, i.e. G’’>G’ 
(Fig.68-A). At high frequencies the entangled molecules can 
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 no longer keep in space with the imposed deformation 
resulting in an elastic response. Under this condition most 
of the energy added to the system will be stored 
elastically, i.e. G’>G’’. The cross-over point (G’=G’’) 
(Fig.68-B) tends to move to lower frequencies on increasing 
the polymer concentration. For gels G’ is always bigger 
than G’’ and both are independent of the frequency (Fig.68-
C & D). 
Goycoolea et al. (1995) in a comparative study between 
gum arabic and mesquite gum reported that gum arabic gave 
typical solution–like mechanical spectra.  And only 
slightly shear thinning at highest accessible 
concentrations was observed. They concluded that gum arabic 
have some behaviour typical of a soft deformable particle 
rather than an interpenetrating macromolecule. 
Dickinson et al.(1988) cited that Nakamura and co-
workers (1983,1984 and 1986) showed that the surface 
rheological parameters and the associated emulsion 
stability parameters is a function of the weight–average 
mol.wt.  
Chikamai et al. (1996) studied the effect of heating 
gum arabic solution at 100o cand 65oc.  They showed that 
heating gum solution at 100oc for more than 6h caused 
significant reduction in viscosity and gelling properties, 
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 heating at 65oc achived reduction in gelling within 24h 
without drastic loss in emulsification functionality. 
Khalafalla and Roushdy, 1996, studied the effect of 
adding gum arabic and other stabilizers on sensory and 
rheological properties of yoghurt. They concluded that 
apparent viscosity of the yoghurt significantly increased 
also the yields stress values and consistency indices 
increased. They also reported that the sensory properties 
of youghurt were highly favored by adding 0.075% arabic 
gum.     
Konny, (2000) studied the rheological behavior of 
A.seyal and A.senegal and she concluded that all A.seyal 
and A.senegal samples show the same type of rheological 
behavior and that they show virtually, a newtonian 
behavior. At lower shear rates the shear viscosity 
decreases with increasing shear rate until it reaches a 
Newtonian plateau at shear rate approximately 3s-1. Also she 
concluded that gum arabic samples show mechanical spectra 
typical for diluted polymer solution at 50% concentration. 
Buffo et al. (2001) studied the factors affecting the 
emulsifying and rheological properties of gum acacia in 
beverage emulsions.  They concluded that processing factors 
such as pasteurization and demineralization of the gum 
promote emulsion stability, most feasibly, by enhancing 
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 molecular mobility, promoting effective unfolding of the 
protein moiety at the oil/water interface and enhancing 
integrity of the double electrical layer. They also 
reported that the viscosity of emulsion concentrates is 
increasing by gum demineralization due to elimination of 
the screening effect from indigenous cations and decreased 
by pasteurization due to the breakage of the molecular 
entanglement and reduction of the effective molecular 
volume. 
In this chapter the rheological behavior of A.senegal 
(S2, S13 and S16), A.polyacantha (S4, S5 and S14), A.laeta 
(S8, S9 and S15) and A.mellifera (S10) are studied under 
concentration range up to 50% (10, 20, 30, 40, and 50%).  
The flow behavior (shear viscosity-shear rate 
relationship), storage and loss modulii-frequency 
relationship, effect of aging on the flow and oscillation 
behavior and temperature effect on G’ and G” were 
determined.                 
                
 
 
               (A)                                                       
(B)                                         
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                             (C)                                         
(D) 
 
                                                                         
Fig 68. Typical mechanical spectra for (A) dilute polymer 
solution;(B) concentrated  polymer solution;(C) weak gel; 
(D) strong gel. 
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5.2   Materials and methods: 
5.2.1   Shear flow viscosity:  
Shear flow viscosity was determined using a Carri-Med 
controlled stress Rheometer CLS 2-500 (T.A. Instruments.UK 
). Two geometries were used, i.e. cone and plate (4cm, 20) 
and double concentric cylinder, for concentrated and 
diluted solutions respectively.  Gum solutions were 
prepared (10, 20, 30, 40 and50%), 3.5mls of diluted 
solution were introduced into the double concentric 
cylinder. The gap between the cylinder and the cup was set 
to 500µm. after raising the ram the sample was equilibrated 
for at least 2 min 
The gap between the cone and plate was set to 52 µm. 
the sample was placed on the top of the plate so that it 
filled the gap between cone and plate. The excess sample 
was removed from and round the edge of the cone. It was 
ensured that no air bubbles were present in the sample. 
After raising the ram the sample was equilibrated for at 
least 2 minutes and the measurement performed covering a 
shear rate range of 1.0-100s-1. The instrument linearly 
increases the applied stress between preset initial and end 
value over a run of ten minutes.   
5.2.2   Oscillation measurements: 
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 Sample volume and measuring system were similar to 
those described above. The viscoelactic region was 
determined by performing a strain sweep at a frequency of 
0.01- 10Hz. G’ and G’’ were measured as a function of the 
applied strain amplitude. The region where G’and G ‘’ were 
independent of the applied strain was taken as the 
viscoelastic region. After the strain sweep the sample was 
allowed to equilibrate for 2 min then the viscoelastic 
parameters were measured as a function of frequency (0.01-
10 Hz), using a displacement in the viscoelastic region. 
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5.3  Results and discussion: 
5.3.1   Shear viscosity measurments: 
The flow curves of A.senegal (S2), A.polyacantha (S4 
and S5), Alaeta (S8 and (S9) and A.mellifera (S10) gum 
solutions were shown in Fig. 69-74. The viscosity–shear 
rates relationships were illustrated at different gum 
solution concentrations (10, 20, 30, 40 and 50%). 
A.senegal gum solutions showed a typical non-Newtonian 
behaviour at 10,20 and 30% concentrations. Which was 
demonstrated that the shear viscosity is independent of 
shear rates. At 40 and 50% a very slight shear shinning was 
observed (Fig.69). and the gum solutions behave like a 
semi-concentrated solution. This results is totally 
inconsistent with Konney (2000) who concluded that 
A.senegal gum solution had a Newtonian behavior with out 
mentioning the concentration at which this behaviour was 
observed. 
160
 The flow curve of A.polyacantha (S4) was shown in 
Fig.70. At 10 and 20% concentration the gum solution behave 
like a non Newtonian solution, Whereas, at 30, 40, and 50% 
very clear shear thinning was observed. i.e. a decrease in 
Shear viscosity with increasing shear rate. The point at 
which the non-Newtonian behaviour appeared was not clear, 
only the Newtonian platue or the power law region was seen 
at the shear rate range of 0.01 –10000 S –1. Fig.71.  Shows 
the flow curve of A.polyacantha (S5). The shear thinning 
was only observed at higher concentration (50%), however, 
at 10,20,30 and 40% concentrations the solutions  
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 behave like a non-Newtonian solution i.e. constant 
shear viscosity with increasing shear rates. 
Figs.72 and 73 show the flow curves of A.laeta (S8 and 
S9). The behaviour of very light shear thinning was 
observed at very low shear viscosity and in all the ranges 
of the concentrations studied. The only difference is that 
S8 at 10% concentration solution has a low viscosity 
compared with the other four concentrations, whereas, in S9 
the 10, 20, 30, and 40% concentrations solutions have a low 
viscosity compared with 50% solution concentration. 
Fig.74 shows the flow curve of A.mellifera (S10) the 
behaviour of the  gum was studied at three different 
concentrations 10,20 and 30%. Shear thinning behabiour was 
observed at low shear rates then the solutions behave like 
a non-Newtonian solution at nearly 10 s-1 shear rate.  The 
viscosity at the three concentration studied was low (0.01-
<1pa.s). 
 Comparing the flow behaviour of the four acacia gums 
studied it was found that A.senegal and A.mellifera had a 
very low viscosity range at all concentration ranges 
examined (0.0001-1Pa.s), followed by A.laeta which shows a 
viscosity range of 0.01-1  -10000 Pa.s whereas, A.polyacantha 
had a viscosity range extending from 0.01-10000Pa.s. Also 
A.senegal exhibited a non Newtonian behaviour among most of 
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 the concentrations studied, A.laeta and A.mellifera 
exhibited a slight shear thinning, whereas, A.polyacantha 
showed a clear shear thinning behaviour.   
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 5.3.2   Oscillation measurements: 
Fig. 75-80 show the mechanical spectra of A.senegal (S2), 
A.polyacantha  (S4 and5) and A.laeta (S8 and S9). The loss 
modulus G’ and storage modulus G” against different 
frequencies were measured at different gum concentrations. 
 Fig 75. Shows the G’ and G” measured at different 
frequencies (0.1-10HZ).  At 10% concentration G’’was 
predominant over G’, and the two moduli were far from each 
other. Both moduli (values) increase with increasing 
frequency. The same thing could be said for 20% 
concentration except that the two moduli become close to 
each others. This is a typical behaviour of dilute 
solutions. At 30% concentration and at low frequencies G” 
was dominant over G’ and the two moduli values become close 
to each other, then G’ dominates over G”, and this 
phenominon was known for  concentrated solutions. 
At 40 and 50% concentration the G’ dominates over G” 
and the two moduli are far from each other, this behaviour 
is a typical gel behaviour. 
Fig.76 and 77 show the mechanical spectra for A.polyacantha 
gum solutions (S4) and (S5) at different concentrations.  
At 10 and 20% concentration solutions were dilute, and G” 
dominates over G’, but at 30% concentration the solution 
become a typical concentrated solution. And the two moduli 
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 have a high values, at 40 and 50% solution the behave like 
a gel solution. The same behaviour was observed for 
A.polyacantha. 
The mechanical spectra for A.laeta (S8) is shown in 
Fig 78. At 10 and 20%  concentrations gum solutions were 
behave like a dilute solutions, and at 30%  
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 concentration it resembles a semi dilute solution.  At 
40% and 50% concentration the solutions behave like typical 
gels. However, A.laeta (S9) shows different behaviour, 
where at 10% concentration G” dominated over G’, At 20% an 
opposite was observed where, G’ dominates over G” with an 
intercept at low frequency <1HZ.  At 30% concentration the 
solution behaves as a semi-dilute solution, at 40% the 
solution behave like gel–like solution, but at 50% 
concentration it behave like a dilute solution (Fig.79).  
Fig 80. Shows the mechanical spectra for A.mellifera 
(S10). G’ and G” were plotted against frequencies at 
different concentration up to 40%. At 10 and 20% the 
solutions show a typical dilute solution behaviour, 
whereas, at 30 and 40% the solutions behaves as gels and G’ 
dominates over G”. 
Comparing the mechanical behaviuor of the four gums 
some differences could be observed.  For A.senegal, 
A.polyacantha (S4 and S5), and A.laeta (S9) the solutions 
passed through three states, they behave as a dilute 
solutions at low concentrations (10 and 20%), behave as a 
concentrated solution. On increasing concentration to 30%, 
and behave like a gel at higher concentrations (40 and 
50%).  A.laeta (S8) and A.mellifera do not form a 
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 concentrated solution, they were a dilute solution at 10 
and 20% and behave like gels at 30, 40 and 50%.  
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 5.3.3  Effect of aging on the flow behaviour of Acacia 
gums:   
 The effect of time on the flow behaviour of three 
acacia gums, A.senegal (S16), A.polyacantha (S14) and 
A.laeta (S15) was studied at 30% concentration. The 
viscosity–shear rate was measured when the solution were 
fresh (one day aged) then stored at room temperature and 
measured after three days, six days and nine days.  
Fig.81 shows the effect of aging on the flow behaviour 
of A.polyacantha (S14).  The shear viscosity of fresh 
solution was found to be a bout 1Pa.s at low shear rates, 
decreases with increasing shear rate, and then become 
constant at higher shear rates (10–1000Pa.s).  After three 
days the viscosity of the solution increased up to about 
800Pa.s then decreased sharply to about 1Pa.s at 
approximately 1000 s-1 shear rate. The same thing was 
observed when the solution was measured after six days and 
after nine days.  
Fg.82. show the effect of aging on the flow behaviour 
of A.laeta (S15) for fresh solution the shear viscosity was 
about 4Pa.s then decreases with increasing shear rate and 
become constant at higher shear rates.  After three days 
the viscosity increased up to about 500Pa.s, then started 
to decreases sharply to less than 0.5pa.s at 1000 s-1 shear 
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 rate. After six days the viscosity decreased and with 
increasing shear rates. Also after nine days the viscosity 
continued to decreases with increasing shear rates. 
For A.senegal.  Fig.83. The pattern was different, the 
viscosity was constant through all the period of study.  It 
started at about 200Pa.s then decreased with  
 
 
 
Fig 81.    Effect of aging on flow behaviour of Acacia senegal 
(S16) gum.
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 increasing shear rates to about 0.1Pa.s then became 
nearly constant. i.e no change in viscosity with aging 
through out the period of the investigation. 
5.3.4   Effect of aging on the oscillation measurement: 
 Fig.84 shows the effect of aging on the oscillation 
measurement of A.senegal (S16). For fresh solution G” 
dominates over G’ and the two moduli become close to each 
other until they cross each other at 10HZ frequency. After 
three days the same thing could be said but the two moduli 
have higher values. This pattern was approximately a semi-
concentrated solution behaviour. After six days the 
solution behave like a dilute solution where G’ dominates 
over G’’ and after nine days the solution pattern was a 
concentrated solution pattern but the two moduli values 
decreased. 
 The effect of aging on the oscillation measurement of 
A.polyacantha (S14) was shown on Fig 85. The fresh solution 
exhibits a typical gel like behaviour and G’ and G” values 
were high, for the rest of period the same behaviour was 
observed but the values of the two moduli decreased. The 
effect of aging on the oscillation measurement of A.laeta 
(S15) was shown in Fig 86. The fresh solution was a semi-
concentrated solution and the two moduli values crossed at 
higher frequencies. After three days the solution behaves 
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 as a gel and the two moduli values have a high values. 
After six days the moduli values decreased and become close 
to each other and after nine days the solution behave as a 
concentrated solution. 
  The effect of aging on the flow behaviour and the 
oscillation measurement of the three acacia gums studied 
were different. A.senegal shows a constant flow  
 
 
F ig  8 4 .    E ffe c t o f a g ing  o n  o c illa tio n  m e a s urm e nt o f  A c a c ia  
s e n e g a l  (S 1 6 ) g um .
0 .0 0 1
0 .0 1
0 .1
1
1 0
1 0 0
1 0 0 0
1 0 0 0 0
1 0 0 0 0 0
0 .0 1 0 .1 1 1 0 1 0 0
F re q u e n c y (H Z )
G
' A
N
D
G
''
G ' o n e  d a y
G ' o n e  d a y
G ' th re e  d a y s
G " th re e
d a y s
G ' s ix  d a y s
F ig  8 5 .    E f f e c t  o f  a g in g  o n  o s c illa t io n  m e a s u r m e n t  f o r  A c a c ia  
p o ly a c a n t h a  ( S 1 4 )  g u m .
1
1 0
1 0 0
1 0 0 0
1 0 0 0 0
0 . 0 1 0 . 1 1 1 0 1 0 0
F r e q u e n c y ( H Z )
G
' A
N
D
 G
''
G '  o n e  d a y
G " o n e  d a y
G ' t h r e e  d a y s
G "  th r e e  d a y s
G ' s ix  d a y s
G "  s ix  d a y s
G ' n in e  d a y s
G "  n in e  d a y s
F i g . 8 6    E f f e c t  o f  a g i n g  o n  o s c i l l a t i o n  m e a s u r m e n t  o f  
A c a c i a  l a e t a  ( S 1 5 )
0 . 0 1
0 . 1
1
1 0
1 0
1 0 0 0
1 0 0 0 0
1 0 0 0 0 0
0 . 0 1 0 . 1 1 1 0 1 0 0
F r e q u e n c y ( H Z )
G
' A
N
D
G
''
G '  o n e  d a y
G "  o n e  d a y
G '  t h r e e  d a y s
G "  t h r e e  d a y s
G '  s i x  d a y s
G "  s i x  d a y s
G '  n i n e  d a y s
G "  n i n e  d a y s
171
 behaviour through out the study, A.polyacantha show a 
change in flow behaviour after three days , whereas, 
A.laeta shows inconsistency in flow behaviour as the 
viscosity increases with age then decrease. A.senegal 
measurement shows a semi-concentrated solution behaviour 
for fresh and three days age solutions then the solution 
become a dilute solution after six days and again a 
concentrated solution after nine days.  A.polyacantha gum 
behaves as a gel through out the period of the study.   
A.laeta shows a semi-concentrated solution when fresh then 
turns into a gel after three days and slightly transformed 
to concentrated solution again after six and nine days.  
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Conclusion 
Characterization of the five Acacia gums studied 
indicated that: A.senegal  had the higest moisture content 
range (10.0 – 16.15 %) followed by Alaeta (11.85 – 12.78%), 
A.polyacantha (9.4 – 11.6%), A.mellifra (9.82 – 10.05% ) 
and A.seyal (10%). The higest range of ash content was 
determined for A.laeta (2.0 – 3..5%), then  A.seyal (3.0%), 
A.senegal (2.0 – 3.0%) and A.polyacantha (2.0 - 2.5% ). As 
far as, the pH values were concerned, the following ranges 
were determined: 4.35- 4.64, 4.22, 4.36 - 4.85, 4.3 - 4.3, 
and 5.05 for A.senegal, A.seyal, A.polyacantha, A.laeta and 
A.mellifera respectively. The values revealed for viscosity 
of those gums were : 89.3-109 cps for A.senegal, 167cps for 
A.seyal, 119-172cps for A.polyacantha , 63.7-127cps for 
A.laeta, and the intrinsic viscosity was found to fall with 
in the ranges of 12.3-16.4 ml/g, 15.9 ml/g, 12.3-12.8ml/g, 
15.3-17.8 ml/g and 13.7 ml/g for A.senegal, A.seyal, 
A.polyacantha, A.laeta and A.mellifra respectively. The 
specific rotation values of the five gums were found to be  
-25o to –32.5o  for A.senegal,+ 50o for A.seyal, -7o to –12o, 
for A.polyacantha, -27o to –37o for A.laeta and –57o for 
A.mellifra. The values of 1153 - 1500, 1555 – 1666, 1153 – 
1250 908-1071 equivalent weight, and the values of 12.93% – 
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 16.33%, 11.64% - 12.93, 15.52% – 16.8% and 18.1% – 21.34% 
uronic acid content were obtained for A.senegal, A.seyal, 
A.polyacantha, A.laeta and A.mellifra respectively. 
Comparing the mineral composition of A.senegal, A.seyal, 
A.polyacantha, A.laeta and A.mellifra, the value for Na 
were found to be more or less the same in all gum types 
except for A.polyacantha which had a low Na value and and a 
wider range of Sr. The values of K were higher in A.seyal, 
A.polyacantha and A.laeta compared with A.senegal. For Ca 
A.laeta and A.senegal had the highest values. Mg, Mn, Br 
and Zr had more or less the same values in all gum types. 
Fe, Cn, Zn had the same values except for A.seyal which had 
a wider range compared with other three types. A.laeta had 
a wider range of Rb.  The amino acid composition of 
A.senegal, A.seyal, A.polyacantha and A.laeta were also 
studied and the data obtained showed that: A.laeta gum had 
the greatest total amino acid content followed by A.senegal 
gum then A.polyacantha gum and lastly A.seyal gum. Serine 
(0.26%) and aspartic acids (0.22%) were the two dominant 
amino acids present in A.senegal gum.  Serine (0.22%), 
aspartic acid (0.14%) and glutamic acid (0.13%) were the 
dominant amino acids present in A.seyal gum, Aspartic acid 
(0.24%) and serine (0.21%) were the dominant amino acids in 
A.polyacantha gum  and serine  (0.43%), hydroxyproline 
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 (0.31%) were the dominant amino acids present in A.laeta 
gum.. 
Hydrophobic interaction chromatography (HIC) 
fractionation of the four Acacia gums ( A.senegal, A.seyal, 
A.polyacantha and  A.laeta)  gave three fractions  for each 
gum type. Characterization of those fractions revealed that 
Molecular weight of A.seyal and A.laeta fractions had the 
highest molecular weight values when processed as one peak 
whereas, A.polacantha fractions had the lowest values, for 
A.senegal F1 had higher molecular weight compared with F2 
and F3 . 
The molecular weight distribution of A.laeta S15 and 
its HIC fraction generally behave like A.senegal S16 and 
A.seyal S3 The pattern was completely different in 
A.polyacantha S14. F2 and F3 which showed more than two 
components and the molar components distribution were more 
wide compared with other gums this may be due to 
degradation. In all HIC fractions emulsions studied no 
important changes in the particle size ranges were observed 
throughout the two weeks of storage. Slight loss in the 
peaks heights with time were observed in fraction 1 of all 
the gums investigated.  And slight shift toward upper 
position of peaks height with time were seen in fraction 2 
and fraction 3 of all Acacia gums studied. Instability of 
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 the emulsions made with fraction 1 of all types of the gums 
under investigation was presented by the process of droplet 
coalescence appeared as a second peak at coarser particle 
size. Fraction 2 and fraction 3 were more stable than 
fraction 1.  Most of the amino acids of A.senegal and 
A.laeta concentrated in fraction 3 followed by fraction 2 
and then fraction 1 which  contained almost the same amount 
present in the whole gum. Whereas, most of the amino acids 
content of A.seyal and A.polaycantha were concentrated in 
fraction2 followed by fraction 3 and then fraction1, and 
the amount of total amino acid content of fraction 1 
A.seyal was found to be half the amount present in the 
whole gum. 
The five Acacia gums could be arranged in term of 
their molecular weight from the higher to the lower 
molecular weight as follows: 
A.seyal – A.mellifera – A.laeta – A.polyacantha – and A. 
senegal. 
Regarding the emulsifying properties of the Acacia 
gums studied the results showed that using 5% gum solution 
to prepare an emulsion was more or less the same as using 
20% gum solution and gave the same emulsifying properties. 
Comparing two weeks age solutions with one week solutions 
no important changes were observed . i.e  at 5% 
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 concentration the solutions were more stable after the 
first week 
It is possible to, asendingly, arrange the five gums 
in term of their emulsifying properties according to the 
percentage of the AGP component as follows: 
A.seyal – A.senegal – A.mellifera - A.laeta and 
A.polyacantha 
Turbidity measurement of the emulsions of the five 
gums showed that at all concentrations A.polyacantha show 
the least absorbance followed by A.seyal at 15 and 20% 
concentration and A.laeta at 5% concentration. There was 
interferance  between A.senegal, A.laeta and A.mellifera at 
5 and 15% concentrations. At 20% concentration  the 
sequence from the greatest absorbance to the least 
absorbance was A.senegal, A.mellifera, A.laeta ,A.seyal and 
then A.polyacantha. 
The flow behaviour of the four acacia gums studied 
revealed that A.senegal and A.mellifera had a very low 
viscosity range at all the concentration ranges studied 
(0.0001-1Pa.s), followed by A.laeta which showed a 
viscosity range of 0.01-10Pa.s whereas, A.polyacantha had a 
viscosity range extending from 0.01 to 10000Pa.s. Also 
A.senegal exhibited a Newtonian behaviour among most of the 
concentrations studied , Alaeta and A.mellifera exhibited a 
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 slight shear thinning ,whereas, A.polyacantha showed a 
clear shear thinning behaviour. 
Also the oscillation studies of the five gums 
indicated some differences between those gums.  For 
A.senegal, A.polacantha (S4 and S5), and A.laeta (S9) gums 
the solutions  were a dilute solutions at lower 
concentrations (10 and 20%), become a concentrated solution 
with increasing concentration to 30%, and then behave like 
a gel solution at higher concentrations (40 and 50%).  
A.laeta (S8) and A.mellifera (S10) were not form a 
concentrated solution, they were a dilute solution at 10 
and 20% and a gel like solutions at 30, 40 and 50%. 
The effect of aging on the flow behaviour and the 
oscillation measurement of the three acacia gums studied 
shows difrences between those gums. A.senegal showed a 
constant flow behaviour through out the period of the 
study, A.polyacantha showed a change in the flow behaviour 
after three days, whereas, A.laeta showed inconsistency in 
the flow behaviour where the viscosity increased with age 
then decreased. A.senegal oscillation measurements showed a 
semi-concentrated solution behaviour for fresh and three 
days age then the solution become a dilute solution after 
six days and again a concentrated solution after nine days.  
A.polyacantha gum was a gel like solution when fresh at the 
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 concentration under inverstigation and kept as gel solution 
through out the period of the study.   A.laeta was a semi-
concentrated solution when fresh then become a gel solution 
after three days and slightly transformed to concentrated 
solution again after six and nine days. 
Recommendations and furthur work: 
1- From all the data obtained it is clear that 
the five gums investigated differ in their 
composition, structure and functional 
properties, therefore it is logical to set a 
seperate specification for each gum., i.e. a 
seperate mongram and seperate INS numbers. 
2- Furthur structural investigations need to be 
carriedout for each gum to envisage the 
differences between them e.g. fractionation 
by means other than HIC and GPC, NMR 
spectroscopy ,electron microscopy….etc. 
3- All those investigations need to be 
carriedout for other Acacia gums produced in 
the Sudan to complete an atlas for those 
gums. 
4- New method for bulk production of gum 
fractions need to be developed. 
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